Future technological factors affecting unmanned aircraft systems (UAS):a South African perspective towards 2025 by Marope, Tumisang
 P a g e  | i 
 
 
Future Technological Factors Affecting Unmanned 
Aircraft Systems (UAS): A South African 
Perspective Towards 2025 
 
 
 
by 
 
 
 
 
Tumisang Marope 
 
 
 Submitted in fulfilment of the requirements for the degree of Master’s in Business 
Administration to be awarded at the Nelson Mandela Metropolitan University 
 
December 2014 
 
 
 
 
Supervisor: Prof Chris Adendorff 
 
 
 
 
 
 
 
P a g e  | ii 
DECLARATION 
 P a g e  | iii 
 
Contents 
1 INTRODUCTION, PROBLEM STATEMENT AND RESEARCH OBJECTIVES ............ 1 
1.1 INTRODUCTION ................................................................................................................................ 1 
1.2 PROBLEM STATEMENT .................................................................................................................. 9 
1.3 RESEARCH OBJECTIVE ............................................................................................................... 10 
1.4 RESEARCH QUESTIONS ............................................................................................................... 11 
1.5 RESEARCH METHODOLOGY ....................................................................................................... 12 
1.6 OUTLINE OF THE STUDY .............................................................................................................. 15 
2 RESEARCH METHODOLOGY .................................................................................... 16 
2.1 INTRODUCTION .............................................................................................................................. 16 
2.2 FUTURES STUDIES........................................................................................................................ 17 
2.2.1 Six foundational futures concepts .......................................................................................... 17 
2.2.2 Six pillars of Futures Studies ................................................................................................. 19 
2.3 CAUSAL LAYERED ANALYSIS ..................................................................................................... 20 
2.3.1 Causal Layered Analysis defined........................................................................................... 20 
2.3.2 Historical context of the Causal Layered Analysis ................................................................. 23 
2.3.3 The value of deeper foresight ................................................................................................ 24 
2.3.4 Layers of analysis of the Causal Layered Analysis ............................................................... 27 
2.4 CONCLUSION ................................................................................................................................. 30 
3 AVIATION FUTURES .................................................................................................. 32 
3.1 INTRODUCTION .............................................................................................................................. 32 
3.2 A SNAPSHOT OF THE WORLD IN 2025 ....................................................................................... 32 
3.2.1 Population growth and resources .......................................................................................... 32 
3.2.2 Technology ............................................................................................................................. 35 
3.3 AEROSPACE INDUSTRY ............................................................................................................... 35 
3.3.1 Airline Industry in 2025 .......................................................................................................... 37 
3.3.2 Aircraft models highlights ....................................................................................................... 39 
3.4 UNMANNED AIRCRAFT SYSTEMS IN 2025 ................................................................................. 45 
3.5 TECHNOLOGY ................................................................................................................................ 52 
3.5.1 Conflict/Collision avoidance technology ................................................................................ 53 
3.5.2 Accountability and Autonomy ................................................................................................. 55 
3.5.3 Flight termination and contingencies ..................................................................................... 56 
3.5.4 Data link integrity.................................................................................................................... 57 
3.5.5 Air Traffic Management .......................................................................................................... 57 
3.5.6 Ground station designs and requirements ............................................................................. 58 
3.5.7 Continued airworthiness, maintenance and system monitoring ............................................ 59 
3.5.8 Energy and Fuel ..................................................................................................................... 60 
3.5.9 Nanotechnology ..................................................................................................................... 62 
3.5.10 Advanced Materials ............................................................................................................... 64 
3.6 DRIVERS FOR CHANGE AFFECTING THE AVIATION INDUSTRY ............................................ 66 
 P a g e  | iv 
 
3.6.1 Drivers for change affecting airlines....................................................................................... 67 
3.6.2 Drivers for change affecting Unmanned Aircraft Systems ..................................................... 70 
3.7 CONCLUSION ................................................................................................................................. 76 
4 APPLYING CAUSAL LAYERED ANALYSIS .............................................................. 79 
4.1 INTRODUCTION .............................................................................................................................. 79 
4.2 CAUSAL LAYERED ANALYSIS APPLIED .................................................................................... 80 
4.2.1 Litany layer ............................................................................................................................. 81 
4.2.2 Systemic layer ........................................................................................................................ 84 
4.2.3 Worldview/Discourse layer ..................................................................................................... 90 
4.2.4 Myth/Metaphoric layer .......................................................................................................... 100 
4.3 DISCUSSIONS .............................................................................................................................. 102 
4.4 CONCLUSION ............................................................................................................................... 105 
5 RECOMMENDATIONS AND CONCLUSIONS .......................................................... 107 
5.1 INTRODUCTION ............................................................................................................................ 107 
5.2 TECHNOLOGICAL ADVANCEMENTS IN AN INNOVATIVE SOCIETY ..................................... 107 
5.3 VISION AND STRATEGIC DIRECTION ....................................................................................... 108 
5.3.1 Macro environment .............................................................................................................. 108 
5.3.2 Porter‘s five forces model applied to the South African UAS industry ................................. 111 
5.3.3 Development of strategies ................................................................................................... 113 
5.4 PRACTICAL GUIDELINES FOR SOUTH AFRICA ...................................................................... 114 
5.4.1 Competing in the global market ........................................................................................... 114 
5.4.2 Enabling the macro-environment for UASs ......................................................................... 115 
5.4.3 Using the innovative nature of the country to enhance UAS technological advancements 116 
5.4.4 Promoting UAS education .................................................................................................... 118 
5.4.5 Promoting a sustainable UAS industry ................................................................................ 119 
5.5 CONCLUSION AND CONSIDERATIONS FOR THE SOUTH AFRICAN UAS INDUSTRY 
TOWARDS 2025 ............................................................................................................................ 120 
LIST OF REFERENCES .................................................................................................. 124 
 
 
 
 
 
 
 P a g e  | v 
 
 
List of Tables 
 
Table 1: Structural Mapping Matrix .................................................................................................................. 25 
Table 2: CLA analysis at the litany layer ......................................................................................................... 81 
Table 3: CLA analysis at the systemic layer .................................................................................................... 85 
Table 4: CLA analysis at the worldview layer .................................................................................................. 91 
Table 5: CLA analysis at the myth/metaphoric layer ..................................................................................... 100 
Table 6: Porter‘s five forces model applied to the UAS industry in SA ......................................................... 111 
Table 7: Strategic issues for the South African UAS industry towards 2025 ................................................ 114 
 
 
 P a g e  | vi 
 
 
List of Figures 
 
Figure 1: UAS Test Site Operators (Source: FAA) ............................................................................................ 4 
Figure 2: Global Hawk RQ-4B side view (Source: Airliners.net) ....................................................................... 7 
Figure 3: Global Hawk RQ-4B front view (Source: Airliners.net)....................................................................... 8 
Figure 4: Historical Context of the Causal Layered Analysis (Source: Adaptation from Inayatullah, 2004) ... 24 
Figure 5: The Airbus Concept Plane (Source: Airbus) .................................................................................... 40 
Figure 6: Boeing 787 Dreamliner (Source: Boeing) ........................................................................................ 42 
Figure 7: Concorde (Source: Concordesst.com) ............................................................................................. 43 
Figure 8: The Black Widow (Source: Google) ................................................................................................. 48 
Figure 9: Parcelcopter from DHL (Source: Reuters) ....................................................................................... 50 
Figure 10: Drone flying over the Pretoria High Court (Source: Twitter) .......................................................... 51 
Figure 11: Visual Line Of Sight (Source: ICAO) .............................................................................................. 54 
Figure 12: Solar Impulse 2 (Source: Jean Revillard for Solar Impulse 2 via AP Image) ................................. 61 
Figure 13: Drone Supplier display at a mall (Source: Picture taken by researcher) ....................................... 88 
Figure 14: Airbus‘ Atlante Unmanned Aerial Vehicle (Source: www.airbusdefenceandspace.com) .............. 93 
Figure 15: Five critical dimensions model of sustainability (Source: Vucetich and Nelson, 2010) ................. 96 
Figure 16: The components of a company‘s macro-environment (Source: Hough et al., 2011) ................... 110 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 P a g e  | vii 
 
List of abbreviations 
AMO   Aircraft Maintenance Organisation 
ASBU   Aviation System Block Upgrades 
ATC   Air Traffic Control 
ATO   Aviation Maintenance Training Organisation 
BALPA  British Airline Pilots Association 
BRICS  Brazil, Russia, India, China and South Africa 
CAA   Civil Aviation Authority 
CAAC   Civil Aviation Authority of China 
CASA   Civil Aviation Safety Authority (Australian Government) 
CeSTII  Centre for Science, Technology and Innovation Indicators 
CHE   Council on Higher Education 
CLA   Causal Layered Analysis 
C of A   Certificate of Airworthiness 
CSIR   Council for Scientific and Industrial Research  
D3   Dull, Dirty and Dangerous 
DOD   Department of Defense (USA) 
DST   Department of Science and Technology 
DTI   Department of Trade and Industry  
EASA   European Aviation Safety Agency (EU aviation agency) 
ERSG   European RPAS Steering Group 
EU   European Union 
EUROCAE  European Organisation for Civil Aviation Equipment 
FAA   Federal Aviation Authority (American Aviation Regulatory Body) 
FARs   Federal Aviation Regulations (Regulations used by the FAA)  
GDP   Gross Domestic Product 
GII   Global Innovation Index 
HSRC   Human Sciences Research Council 
IATA   International Air Transport Association 
ICAO   International Civil Aviation Organisation 
 P a g e  | viii 
 
JARs Joint Aviation Requirements (Applicable to nations outside the 
European Union but in Europe e.g. Turkey) 
JPDO   Joint Planning and Development Office 
IFR   Instrument Flight Rules 
LIMPs   Lifestyle Integrated Management Pods 
MEMS  Microelectromechanical Systems 
NACI   National Advisory Council on Innovation 
NAS   National Airspace System 
NEMS   Nanoelectromechanical Systems (NEMS) 
NIS   National Innovation System 
NTCA   Non-Type Certified Aircraft  
R&D   Research and Development 
RPAS   Remotely Piloted Aircraft Systems 
RTCA   Radio Technical Commission for Aeronautics  
SA   South Africa 
SACAA  South African Civil Aviation Authority 
SST   Supersonic Transport 
TC   Type Certificate 
UAV   Unmanned Aerial Vehicle (obsolete term) according to ICAO 
UAS   Unmanned Aircraft System 
UKCAA  United Kingdom Civil Aviation Authority 
USA   United States of America (United States or U.S) 
VFR   Visual Flight Rules 
 
 
T. Marope : 212458485     
P a g e  | 1 
 
CHAPTER 1 
 
1 INTRODUCTION, PROBLEM STATEMENT AND RESEARCH OBJECTIVES 
 
1.1 INTRODUCTION 
Unmanned Aircraft Systems (UASs) are presently the most vibrant growth sector in the 
aviation industry and consist of two distinctive characteristics. These machines have no 
human pilot on-board and they are remotely operated by a pilot using data link 
transmissions (FAA, 2013). Other terms have also been used to describe these 
autonomous machines e.g. Unmanned Aerial Vehicles (UAVs), Remotely Piloted Aircraft 
Systems (RPAS), Drones etc. These terms will be used interchangeably throughout this 
document to describe these pilotless aircraft. It has to be noted that the International Civil 
Aviation Organisation (ICAO) has declared the term UAV obsolete in its ICAO Circular 
328, Unmanned Aircraft Systems (UAS) released in 2011. This was an effort by the global 
aviation regulatory body to streamline terminology with the RTCA (Radio Technical 
Commission for Aeronautics) and EUROCAE (European Organisation for Civil Aviation 
Equipment) agreements. These two organisations play a critical role in facilitating efforts 
between governments i.e. Civil Aviation Authorities (CAAs) and the private sector in 
developing aviation standards intended to make aviation safer and more advanced. 
 
Unmanned Aircraft Systems are a new component of the aviation system, one which 
ICAO, the contracting states (countries affiliated with ICAO) and the aerospace industry 
are working to understand, define and ultimately integrate. These systems are based on 
cutting-edge developments in aerospace technologies, offering advancements which may 
open new and improved commercial applications as well as improvements to the safety 
and efficiency of civil aviation (ICAO, 2013). According to FAA (2013), UASs have not 
operated freely in the National Airspace System (NAS) since the early 1990s. However, 
these systems have always supported civic operations, such as the army and border 
control operations. In support of this view, Hayhurst et al. (2006) maintain that the majority 
of UASs worldwide are designed for military uses and the majority are used for 
reconnaissance work. The commonly used term to describe UASs used for 
reconnaissance work is drones. In addition this paper intends to establish the fundamental 
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difference between drones and UASs/UAVs in general. The difference in the employed 
technologies in drones as well as UASs will also be investigated.  
 
According to Hayhurst et al. (2006), Unmanned Aircraft Systems are very diverse. These 
aircraft differ in size, starting from small hand-launched aircraft to those weighing up to 
26000 pounds (11793 kilograms). In South African aviation terms, any aircraft above a 
weight limit of 5700 kilograms is regarded as a large aeroplane (SACAA, 2014). This goes 
to show how gigantic Unmanned Aircraft Systems can be made. The authors also point 
out that nanotechnology might develop this grouping of aircraft to comprise very small 
aircraft that weigh very less (not more than ten grams). Adendorff (2012) argues that 
nanotechnology, as a speedily progressing field and coupled with the advances of the past 
fifty years, will have a significant impact on fields such as materials, electronics and 
medicines towards 2025. This research will attempt to establish how advances in 
nanotechnology would impact the unmanned aviation industry especially in the Republic of 
South Africa. 
 
Ingham (2008) has predicted that UAV technology will increasingly be used for tasks that 
are ―dull, dirty and dangerous‖ (D3), and the potential uses of UAVs for civil operations has 
increased as the enabling technology has become more affordable. This view is also been 
supported in the work of Babaei and Mortazavi (2010), where the authors indicate that 
UAVs have also become increasingly attractive for missions where human presence is 
dangerous or difficult. Earlier research (Ingham, Jones and Maneschijn, 2006) has shown 
that UASs can be utilised for a number of missions because these aircraft systems can be 
configured for specific functions. These functions include, inter alia, maritime patrol or 
search and rescue, reconnaissance or surveillance, atmospheric/environmental research, 
telecommunications, agricultural applications and cargo transporting. The above 
mentioned authors are of the view that although it is technically possible for UAVs to 
replace manned aircraft, it is neither desired nor economically feasible. The authors 
believe that within the existing aerospace arrangements, there are a number of factors 
prohibiting the economical viable use of UASs for many applications. The alluded premise 
will serve as a platform to conduct this proposed research. The paper will therefore seek to 
investigate some of the future technological factors that could make the commercial 
operation of UAVs more economically viable and at the same time safe. 
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A view held by the global regulatory body (ICAO, 2013), shows that small unmanned 
aircraft systems are the type of systems expected to develop most rapidly in civil and 
commercial operations in the near term because of their versatility and relatively low initial 
cost and operating expenses. This view is also shared by (Ingham, 2008), who maintains 
that only larger UASs that have the available payload capacity to have the required Air 
Traffic Control (ATC) equipment installed, will be permitted to operate in heavily 
congested, highly regulated airspace, while smaller UASs will be best suited to airspace 
that has fewer requirements for on-board equipment, provided that a ―sense and avoid‖ 
solution can be found. Until such technology is developed, the author believes that smaller 
UASs will probably only be permitted to operate in specially segregated airspace. The 
author also identifies technologies unique to UASs as an area for further research in order 
to gain an understanding of this technology before regulations can be proposed. These 
technologies include, inter alia, collision avoidance (sense and avoid), autonomy, flight 
termination and air traffic management. According to the Joint Planning and Development 
Office (2013), a Notice of Proposed Rulemaking (NPRM) on smaller UASs has been 
drafted and is targeted for release in 2014. The notice is intended to involve the public in 
the process of integrating small and safe UASs access to the NAS. The SACAA was due 
to hold a similar session for the South African industry in the third quarter of 2014 (SACAA, 
2014). However, the outcome of this session is not known at this stage. 
 
Anticipated FAA (Federal Aviation Authority) regulations granting UASs permission to fly in 
controlled NAS, together with parallel measures in Europe and Asia, will provide the basis 
for civilian market growth that will curb military demand (Aerospace America, 2013). In an 
attempt to keep abreast with global developments, the South African Civil Aviation 
Authority (SACAA) is presently developing regulations and standards that will guide the 
operation of UASs in South Africa. The country is working together with other CAAs and 
also guided by ICAO (SACAA, 2014). However, certain researchers are of the view that 
UAS operation is taking too long to take off in the country. According to the CSIR (2013), 
South Africa is trailing the rest of the world in bringing this disruptive technology (UASs) to 
benefit national security as well as make a positive impact socio-economically. The 
Council for Scientific and Industrial Research (CSIR) points out that the ―sense and avoid‖ 
challenges as well as the regulatory processes are the biggest deterrents in unlocking the 
UASs‘ potential in the civil commercial domain. 
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The United States of America (USA) has recently displayed an effort to show commitment 
in the objective to eventually integrate UASs within the commercial US airspace. The FAA 
has granted the University of Alaska endorsement to begin flights of unmanned aircraft as 
part of its research into integrating drones into the U.S commercial airspace (CNN, 2014; 
KSLTV, 2014). According to these reports, the University of Alaska is one of the six 
locations that were chosen by the FAA to conduct these experimental undertakings. The 
six locations have reportedly been picked to give the FAA a wide range of geography, 
climate, infrastructure and airspace use to pursue research into challenges of integrating 
UASs into US airspace. The six sites are clearly depicted in Figure 1. 
 
 
Figure 1: UAS Test Site Operators (Source: FAA) 
 
It is evident that the FAA has adopted a somewhat aggressive approach to observing the 
geographical span and the number of locations selected. KSLTV (2014) indicated that the 
mandate given to the FAA by the US Congress is to demonstrate safe integration of UASs 
into the US commercial airspace by September 2015. This indicates the appetite for the 
operation of UASs in civilian airspace by the United States general public and business. 
However, the mandate put forward will not be easy as the FAA has already highlighted the 
challenges relating to developing safety rules for flying UASs in areas where aircraft 
governed by Visual Flight Rules (VFR) and where pilots rely on seeing other aircraft to 
avoid collisions i.e. ―See and Avoid‖. According to KSLTV (2014), the FAA has hinted on 
the possibility of changing the safety rules from ―See and Avoid‖ to ―Sense and Avoid‖, 
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meaning that UASs might have to display a capability to send a signal that can be 
detected by other aircraft in order to avoid collisions. Another challenge stressed by the 
FAA is the ability of UASs to display contingency capabilities when there is a loss of link 
between the UAS and the operator/pilot on the ground. Part of this research will be to 
investigate the feasibility of the aforementioned technologies and their impact on the 
operation of UASs leading towards the year 2025. 
 
The European aviation industry has also embarked on its version of integrating UASs, 
commonly known as RPAS in this part of the globe. The European RPAS Steering Group 
(ERSG) received a mandate from the European Commission to institute a roadmap for 
integrating civilian RPAS safely into the European aviation system, targeting the initial 
RPAS integration by 2016 (ERSG, 2013). In the time frame 2019 to 2023, it is expected 
that licensed remote pilots would be able to operate approved RPAS under IFR 
(Instrument Flight Rules) in almost all airspace classes in Europe. However, due to the 
performance requirements, some areas will still be off limit to RPAS, such as major 
airports and terminal airspace as well as bottleneck areas for all airspace users in Europe 
(ERSG, 2013).  
 
UAS literature has shown that the manner in which UAS technology is advancing is fast 
paced. DeGarmo (2004) maintains that UAVs are an ideal test bed for new aviation 
technology development because of their ability to take on high risk missions and their 
potential for low cost operations relative to manned aircraft. This view is also supported by 
(Babaei and Mortazavi, 2010); the authors are of the view that recent advances in the 
navigation systems, fast digital computers, and digital vision systems make it possible to 
explore research aimed at designing autonomous systems that exhibit a high degree of 
reliability in their operation, in the face of an uncertain environment and various goals. In 
more recent research, the FAA (2013) posits that UASs offer innovative means for 
commercial and public operators to increase operational efficiency, reduce costs and 
improve safety. Therefore, UASs are seen more in a positive light especially by business 
despite the challenges already highlighted in this paper. 
 
Several commercial organisations have also shown interest in the UAS technologies by 
running different pilot projects to ascertain if UASs could enhance their operations. These 
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organisations have focused their attention on the specific use of drones in their business 
operations. Drones have recently received major attention from the aviation industry and 
the larger global community. According to Swart (2014), drones can be quadcopters, 
hexacopters, octocopters, or any radio controlled aircraft. The Amazon Chief Executive 
Officer Jeff Bezos announced that the company is currently testing delivering packages 
using small helicopter drones. According to Jeff Bezos, the program named PrimeAir could 
be launched by 2018 (Defenceweb, 2014). Flying drones will also be used by FedEx and 
UPS to deliver packages, Pizza Hut to deliver pizzas, and Safeway-Kroger to deliver 
groceries (Frey, 2014). According to CNNMoney (2014), Google is in the process of 
acquiring a long-range solar powered drone maker (Titan Aerospace) in an effort to deliver 
internet to remote areas of the globe. In the same article, it has been reported that 
Facebook has also acquired a United Kingdom (UK) based start-up company that makes 
solar powered drones called Ascenta. In the USA, the Los Angeles County Sheriff‘s 
Department once evaluated replacing manned helicopters with a portable unmanned 
drone for tasks such as searching for lost hikers or missing children, surveying fire zones 
and chasing suspects fleeing on foot (Hayhurst et al., 2006). 
 
It is important to note that the commercial usage of drones is currently illegal anywhere in 
the world. However, the aviation world is still trying to come up with ways of integrating 
these machines into the commercial airspace. Currently, several countries including 
Australia, Canada, Finland, Italy, Malaysia, Sweden, UK and the USA have begun 
implementing procedures to issue special operating authorisations for UASs 
(Dalamagkidis, Valavanis and Piegl, 2008). South Africa has also followed suit in showing 
a commitment to regulating this relatively new sector of the aviation industry, though 
certain factions of the industry are not entirely satisfied. It was stated by News24 (2014), 
that ―the SACAA is however compiling an interim guidance document as a provisional 
solution to enable restricted operational approval on a case by case basis, until maturity is 
attained by both the industry and the SACAA – set to be finalised by March 2015‖.  
 
There is an overwhelming interest from the business sector to employ the use of UASs 
because of the perceived cost savings associated with these systems as highlighted 
previously. The Teal Group forecasts worldwide annual spending on research, 
development, testing, and evaluation procurement will increase from $6.6 billion in 2013, 
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to $11.4 billion in 2022 for all UAS. Over the next ten years i.e. 2013 to 2023, Teal Group 
forecasts total UAS spending worldwide at $89.1 billion (FAA, 2013). In addition, 
Defenceweb (2014) also predicts a growth in UAV production from $942 million in 2014 to 
$2.3 billion in 2023. China‘s manufacturer AVIC is expected to account for the lion's share 
($5.76 billion) of the 10-year market value, based on production of hundreds of pricey 
UAVs, nearly all earmarked for Chinese consumption. Northrop Grumman, builder of the 
U.S. Air Force's expensive RQ-4B Global Hawk (Shown in Figure 2 and 3) and the U.S 
Navy's MQ-4C Triton, is reportedly next in line with projected production worth $2.58 
billion.  
 
 
Figure 2: Global Hawk RQ-4B side view (Source: Airliners.net) 
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Figure 3: Global Hawk RQ-4B front view (Source: Airliners.net) 
 
In support of the foregone growth prospects, Aerospace America (2013) indicates that 
despite the withdrawal of the USA from the war in Iraq and the ongoing drawdown in 
Afghanistan and the tight global defence budgets, the worldwide demand for UAVs is 
projected to still increase. Global UAV Roundup for 2011 listed 44 nations and 226 
manufacturers developing and producing some 675 aircraft, of which 194 of them are in 
the USA. In 2013, the UAV Roundup listed 57 countries and 270 companies responsible 
for more than 960 distinct UAVs, of which 144 of them are in the U.S. In all three 
categories, numbers have increased, 20% for companies, 30% for countries, and 40% for 
aircraft. South Africa currently has two companies active in the UAV sector, namely Denel 
Dynamics and Advanced Technologies & Engineering (ATE), the latter company having 
been acquired by Paramount Group in 2013 (Paramountgroup, 2014). According to 
Campbell (2009), South Africa lacks the support it needs from its local market, though the 
country remains innovative. The author reports that in the past 20 years, only three of the 
seven main UAV designs from the two companies have been acquired by South Africa. 
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In light of the above projections, the global aviation industry looks set to continue 
interrogating the idea of using Unmanned Aircraft Systems in one way or the other. 
Business has already shown serious interest in using UASs and different organisations 
continue to spend large sums of money on these machines, as described earlier. As a 
result, different CAAs, especially the FAA are continually seeking ways to integrate UASs 
into civilian airspace in order to start regulating them (FAA, 2013). Once regulation is 
achieved, there is a great chance that more and more organisations and individuals might 
start getting involved in the operation of UASs. This could also directly translate to the 
increased usage of advanced technologies that make UASs‘ operation safe and more 
reliable. Therefore, it is befitting to investigate what technological factors would affect 
UASs in the future. 
 
1.2 PROBLEM STATEMENT  
Research has shown that UASs will ultimately be integrated into civilian airspace provided 
that the appropriate regulatory framework and technological requirements are all met. 
According to ICAO (2013), many countries have recently experienced a huge demand 
from the local and international community to expedite or develop a regulatory framework 
that will cover the operation of UASs in their civil airspace. The FAA (2013) maintains that 
though UASs have not necessarily complied with regulations in the same manner as 
manned aircraft, however these machines have significantly increased in number, 
technical complexity and sophistication. As a result, the UAS community needs regulations 
and standards unique to UASs in order to operate these autonomous machines safely. 
However, research has also shown that CAAs have found the development of regulatory 
framework to govern UASs an immense task based on a number of reasons discussed 
below.  
 
The FAA (2013) has pointed out that three regulatory elements need to change or be 
reviewed in order to start developing UAS regulatory framework. According to the USA 
aviation regulator; many policies, guidance material and regulatory issues will have to be 
studied and revised to cater for the process of integrating UASs into the civilian airspace. 
UAS technology and operations will need to develop and get established. New products 
may also be required in order to meet the relevant regulations and standards. The 
authority also upholds that for these unmanned machines to be permitted in the civilian 
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airspace, numerous processes, products and procedures need to be investigated through 
supporting research. Air traffic products will need to deal with significant challenges 
presented by the objective of safely integrating UASs without segregating, delaying or 
diverting other aircraft and other users of the system. The third regulatory element 
highlighted is the technological challenges associated with the safe operation of UASs in 
civilian airspace. The FAA recognises that the existing airworthiness standards are not 
appropriate for UAS technologies. Therefore, further research focussing on technology 
believed essential for UAS access to the NAS is required (FAA, 2013). An example of a 
technological challenge referred to, is the requirement of UASs to utilise the ―Sense and 
Avoid‖ system as an alternative way to conform to the ―See and Avoid‖ operational rules 
currently mandatory for manned aircraft. Therefore, there is an immense need for 
technological advances that are appropriate to UAS access to various NASs. This 
research will seek to identify these technological advances that might affect UASs in the 
future. 
 
1.3 RESEARCH OBJECTIVE  
The fact that pilots are not physically situated in the aircraft for UAS operations makes the 
current standards applicable to manned aircraft not suitable for UAS operations (FAA, 
2013). FAA (2013:18) states that ―removing the pilot from the aircraft creates a series of 
performance considerations between manned and unmanned aircraft that need to be fully 
researched and understood to determine acceptability and potential impact on safe 
operations in the NAS‖. According to ERSG (2013), not all technologies necessary to 
ensure the safe integration of civil UASs into civilian airspace are available today. The 
extrapolation that can be made based on the above arguments is that advancement of 
UAS technologies will more likely have a significant bearing on the safe integration of 
UASs into civilian airspace. Therefore, as an identified research gap, the research/main 
objective of this research is to identify future technological factors affecting 
Unmanned Aircraft Systems in the Republic of South Africa leading towards the 
year 2025.  
 
Businesses have identified new methods of increasing operational efficiency, reducing 
costs and improving safety in utilising UASs (FAA, 2013). The ERSG (2013) argues that 
UASs can add to the existing activities, digital technologies and massive exploitation of 
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information thereby creating highly qualified jobs in the manufacturing sector and general 
operations. According to the aforementioned research, the proliferation of these jobs would 
be brought about by the fact that UASs are multi-systems and involve a great variety of 
equipment and payloads. This industry also includes a broad supply chain providing a 
large range of enabling technologies (flight controls, communication, propulsion, energy, 
sensors, telemetry etc.). According to ERSG (2013) the development of UAS technologies 
is likely to create civil spinoffs with significant impact in many sectors. As such, this 
research will also attempt to establish how future technological factors will impact the 
unmanned aviation industry as well as the broader aviation industry.  
 
1.4 RESEARCH QUESTIONS 
This proposed research will seek to identify future technological factors affecting 
Unmanned Aircraft Systems in the Republic of South Africa. However, certain pertinent 
questions have to be posed in order to address the main objective of this research. These 
research questions are listed below;  
 
 Which technological factors affect the aviation industry in general? 
 Which technologies are critical for UASs to be integrated successfully into civilian 
airspace? 
 Which of the technological factors analysed will have a significant impact on UASs 
leading to the year 2025? 
 How can South Africa benefit from the shift of production power to Asia? 
 Will emerging countries lead the production of UASs by 2025?  
 Is it feasible to employ UAS technology in the passenger carrying aircraft business by 
2025? What will the implications be for South Africa towards 2025? 
 What is the relationship between the proliferation of UASs in the airspace and the 
plethora of technologies available in the general aerospace and the unmanned aircraft 
industries? 
 Is there any relationship between the increased number of near misses and possible 
collisions between UASs, in particular drones and the manned aircraft?  
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 How does the introduction of UASs into civilian airspace affect various nations, 
particularly the Republic of South Africa, historically and politically? 
 What are the trends and drivers affecting the use of UASs and related technologies? 
 What are the deterring variables that make it difficult for future technologies to be 
implemented into UAS operations? 
 What is the fundamental difference between drones and the general UASs, as well as 
the difference in the employed technologies between the two? 
 Who has more influence in determining how UASs and the related technologies will be 
operated in the future?  
 Is there a vision for the Republic of South Africa towards 2025 and maybe beyond for 
UASs? Is there a strategic direction in support of this vision? 
 
1.5 RESEARCH METHODOLOGY 
This paper adopted an exploratory approach and purpose in studying the literature that is 
relevant to this research topic. Exploratory studies are a valuable means to establishing 
the current; to pursue new understandings, to make inquiries and to assess issues 
differently. Methodologies employed in explorative studies are termed as ‗opportunity-
orientated‘ and explore possible futures without regard to what is desirable (Adendorff, 
2013). This view is supported by Collis and Hussey (2009). The authors maintain that an 
exploratory approach to research is usually very open and concentrates on gathering a 
wide range of data and impressions. As such, the research rarely provides conclusive 
answers to problems or issues but gives guidance on what future research, if any, should 
be conducted. 
 
The researcher also followed an inductive approach in making general inferences induced 
from particular instances. Inductive research is a study in which theory is developed from 
the observation of empirical reality, thus, general inferences are induced from particular 
instances (Collis and Hussey, 2009). Inductive approaches offer a more flexible 
methodology that may allow alternate descriptions of what is actually happening 
(Adendorff, 2013). Instead of assuming what is happening, researchers are able to utilise 
the inductive approach as compared to the deductive approach because it enables them to 
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understand why something is happening (Lewis, Saunders and Thornhill, 2003 cited in 
Adendorff, 2013). An inductive approach is also referred to as moving from the specific to 
the general since it involves moving from individual observations to statements of general 
patterns or laws (Collis and Hussey, 2009). 
 
Adendorff (2013) declares that Futures Studies is a rigorous discipline that has evolved 
from futures thinking. The field of Futures Studies has only been developing over the past 
five decades, however futures thinking, as a concept is as old as humankind (Adendorff, 
2013). Critical Futures Studies ―can be understood as studies of futures that take as a 
primary consideration the analysis and reformulation of the way we know our world 
(epistemology), worldview, and the social construction of reality.‖ In simpler terms, it 
applies critical thinking to Futures Studies and challenges what is taken for granted and 
looks for hidden assumptions (Hines, 2004). 
 
This research will employ a Futures Studies technique named Causal Layered Analysis 
(CLA). Causal Layered Analysis is a theory of knowledge (seeking to integrate empirical, 
interpretive, critical and action learning modes of knowing) and a methodology (not 
predicting the future but creating transformative spaces) for creating more effective 
policies and strategies. Since its invention in the late 1980s, it has been used successfully 
with governments, corporations, international think tanks, communities and cities around 
the world. This methodology has also been used as the primary research method for many 
doctoral and master‘s students around the world (Inayatullah, 2004; 2014). This 
methodology also helps individuals and organisations (Inayatullah, 2014) understand the 
current reality and since the methodology provides a tool to dig deeper and more broadly, 
it allows organisations to create an alternative future that is robust in its implementation. 
According to Inayatullah (1998) and Metafuture (2014), CLA is concerned less with 
predicting a particular future and more with opening up the present and past to create 
alternative futures. The methodology focuses less on the horizontal spatiality of futures – 
in contrast to techniques such as emerging issues analysis, scenarios and backcasting – 
and more on the vertical dimension of Futures Studies i.e. layers of analysis.  
 
CLA identifies the driving forces and worldviews underpinning diverse perspectives about 
the future and what it means to groups. For organisations, CLA allows the perspectives of 
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a range of staff and stakeholder groups about an issue or strategic option to be explored to 
identify driving forces and worldviews shaping that issue. It is particularly useful when 
different groups hold different perspectives on the future of an organisation and what 
strategy should be actioned. Through group discussion, sharing of diverse perspectives, 
and surfacing contrasting worldviews and underpinning myths, the method encourages the 
deconstructing of conventional thinking to produce a shared view of possible future 
outcomes that can break existing paradigms of thinking and operating (Jackson, 2013). 
 
Multiplicity is not the solution and indeed is not the only direction that futures studies are 
moving toward. The use of multiple factors, while reducing the variance of the issues 
needing explanation, is often superficial since breadth of enquiry may have been achieved, 
but not depth. Organisational transformation requires a skilful use of horizontal and vertical 
methods of futuring. A methodological development wherein the future is considered not 
just in horizontal space but in vertical space is an important development in the field. 
Horizontal space is best explored with scenarios and what-if analysis while depth is best 
explored with causal layered analysis and other poststructural methods within a critical 
futures framework (Inayatullah, 2002). Causal Layered Analysis assumes four layers of 
analysis, as outlined by Sohail Inayatullah. This author maintains that layers 1 (The litany) 
and 2 (The Systemic) are the most visible whereas layers 3 (The Worldview/Discourse) 
and 4 (The Myth/Metaphoric) are broader, deeper and more difficult to identify (Inayatullah, 
1998; 2004; 2008).  
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1.6 OUTLINE OF THE STUDY 
Chapter 1 provides an introduction and the outline of the study. This chapter provides the 
research problem, research objectives, research questions and the definitions and/or 
abbreviations of the concepts. This chapter encapsulates the rationale of why this 
research study is conducted and the manner in which it is carried out.  
 
Chapter 2 explains the research methodology used in this research study. This includes 
the research approach or paradigm utilised in the study. The Causal Layered Analysis is 
discussed in detail in this chapter. 
 
Chapter 3 focuses on the literature study that will be used in an attempt to understand the 
research problem. Aviation Futures will be discussed in broad terms and then specific 
issues regarding Unmanned Aircraft Systems in the Republic of South Africa will be 
investigated in detail.  
 
In Chapter 4, an analysis of the different technological factors will be conducted using a 
foresight technique, termed the Causal Layered Analysis. This chapter will attempt to 
identify these factors and their impact on Unmanned Aircraft Systems in the Republic of 
South Africa towards 2025. 
  
In Chapter 5, the results of the analysis conducted above will be discussed and 
conclusions will be drawn.  The chapter will also include recommendations for 
management, limitations of the study and the highlighting of areas for future research. 
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CHAPTER 2 
 
2 RESEARCH METHODOLOGY 
 
2.1 INTRODUCTION 
Chapter 1 described the context of this research paper by outlining the problem statement, 
the main objective of the research and the research questions. This chapter also 
introduced futures thinking and the role that the related new futures research methods 
might play in accomplishing the main objective of this research. The current chapter will 
provide a background on future studies, futures methodologies and techniques; and a 
specific exploration of the Causal Layered Analysis and its role in this research will be 
conducted. The findings and recommendations from the work of Sohail Inayatullah form an 
integral part of this chapter.  
 
This paper adopted an exploratory approach and purpose in studying the literature that is 
relevant to this research topic. Exploratory studies are a valuable means of establishing 
the current situation; to pursue new understandings, to make inquiries and to assess 
issues differently. Methodologies employed in explorative studies are termed as 
‗opportunity-orientated‘ and explore possible futures without considering the desired 
outcome (Adendorff, 2013). This view is supported by Collis and Hussey (2009). The 
authors maintain that an exploratory approach to research is normally open and focuses 
on collecting a comprehensive range of data and impressions. An exploratory research 
therefore provides guidance of what future research should be taken and does not 
necessarily give decisive answers to challenges. 
 
The researcher also followed an inductive approach in making general inferences induced 
from particular instances. Inductive research is a study in which theory is developed from 
the learning of factual reality; therefore, general interpretations and extrapolations are 
induced from particular occurrences (Collis and Hussey, 2009). An inductive approach 
presents a more flexible method that allows alternate descriptions of what is actually taking 
place (Adendorff, 2013). Instead of assuming what is happening, researchers are able to 
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utilise the inductive approach as compared to the deductive approach because it enables 
them to understand why something is happening (Lewis, Saunders and Thornhill, 2003 
cited in Adendorff, 2013). An inductive approach is also referred to as moving from the 
specific to the general since it involves moving from individual observations to statements 
of general patterns or laws (Collis and Hussey, 2009). 
 
2.2 FUTURES STUDIES 
Adendorff (2013) declares that Futures Studies is a rigorous discipline that emanates from 
futures thinking. The field of Futures Studies has evolved over the past five decades, 
however futures thinking, as a concept is as old as humankind (Adendorff, 2013). Critical 
Futures Studies ―can be understood as studies of futures that take as a primary 
consideration the analysis and reformulation of the way we know our world (epistemology), 
worldview, and the social construction of reality.‖ In simpler terms, it applies critical 
thinking to Futures Studies and challenges what is taken for granted and looks for hidden 
assumptions (Hines, 2004). The used future, the disowned future, alternative futures, 
alignment, models of social change, and uses of the future are all six basic concepts of 
futures thinking (Inayatullah, 2008). The six concepts are briefly summarised in the 
following section. 
 
2.2.1 Six foundational futures concepts 
The first foundational futures concept is regarded as the used future. Inayatullah (2008) 
illustrates this future by relating an analogy of how most of the Asian cities tend to follow 
the same pattern of urban development as the western cities have done in the past, 
whereas most of the leaders of the western cities believe that they were wrong in applying 
this development strategy. The author advocates for a strategy that keeps the green public 
spaces separating developed regions from the up and coming ones. Unfortunately, the 
Asian cities, in following the western model of development, have turned back against the 
cities‘ own local culture of appreciating the village life where community is everything, 
where appreciating nature was close to the hearts of the community. Although urban 
development brings about employment, the author is of the view that people suffer in 
almost every other way in urban settings. In describing an intense disapproval of the 
aforementioned strategy, Inayatullah (2008) writes: ―this used future is leading to a global 
crisis of fresh water depletion, climate change, not to mention human dignity‖.   
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The second foundational futures concept, described by Inayatullah (2008) is the disowned 
future. The author posits that, what people excel at becomes their downfall because 
people and organisations generally focus on strategic goals and forget the basic resources 
that may be needed to truly succeed. Inayatullah (2008:5) states ―plans go astray not 
because of a lack of effective strategy but because the act of creating a particular direction 
ignores other personal and organisational selves‖. The challenge, according to the author, 
is to incorporate our renounced beings into strategy execution. For example, the school 
principal should know how it was like being a child, and therefore be able to use this 
childhood experience to create a learning framework for the school. This calls for a subtle 
and more contradictory futures approach instead of a goal orientated one (Inayatullah, 
2008). 
 
Alternative futures are considered as the third foundational futures concept by Inayatullah 
(2008). This is a case where people believe that there is only one future, and no 
alternative futures exist. The author points out that if an alternative future is anticipated, 
people do not get too surprised. Instead, people learn to adapt to the changing conditions 
presented by the alternative future. Inayatullah (2008:5) writes: ―alternative futures thinking 
reminds us that while we cannot predict a particular future always accurately, by focussing 
on a range of alternatives, we can better prepare for uncertainty, indeed, to some extent 
embrace uncertainty‖. 
 
Alignment is the fourth foundational futures concept. By alignment, Inayatullah (2008) 
refers to the alignment of day to day problem based approach with strategy, the alignment 
of strategy with the broader bigger picture, the bigger picture with vision, and the vision 
with day to day activities. The big mistake often committed by individuals and 
organisations, as highlighted by Inayatullah (2008), is foreseeing a particular future, and 
not being able to put in place the appropriate measures to make that particular future 
possible. What sometimes happens is that organisation indicators do not necessarily have 
a relationship with the envisaged future. Inayatullah (2008) also puts emphasis on the 
concept of inner alignment by cautioning organisations on the disconnect that is evident at 
times between what a leader generally does or wants others to do and what the 
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organisation stands for. The inner map of the organisation (what it stands for) needs to 
relate to its strategy, objectives and ultimately its vision. 
 
The fifth concept of foundational futures is an individual‘s social change. Inayatullah (2008) 
describes this concept by asking the following questions; 
 Do you believe the future to be positive and you can affect it? 
 Do you believe the future to be dark and there is nothing you can do about it? 
 Do you believe that the future is created by the 100th monkey? 
 Do you believe that the future is set and predetermined? 
 Do you believe that the future is like a wheel? i.e. everyone has a turn and the most 
effective strategy is to be patient? 
 Do you believe that the future is not given, but created by our daily actions? 
 
This concept, as described by the author, means that individuals are inclined to behave in 
a certain manner, socially, based on their belief system. 
 
Inayatullah (2008) terms the sixth foundational futures concept as the use of the future. In 
simple terms, the author believes that futures‘ thinking is about assisting individuals and 
organisations prepare for the future by up-skilling and enhancing their competencies. 
Futures thinking can assist in creating more effective strategies, especially at a deeper 
level. Organisations can become far more innovative by understanding the alternative, 
used and disowned futures (Inayatullah, 2008). Inayatullah (2008:6) states that ―it is not so 
much predicting correctly or getting the right strategy, that is, using the right tools, but 
about enhancing our confidence to create futures that we desire‖. The author further 
explains that futures methods decolonise the world that people think they might want by 
challenging their basic thinking. When people get challenged, their capacity gets 
empowered and as such, they get liberated because the safety net of someone making 
decisions for them gets taken away. 
 
2.2.2 Six pillars of Futures Studies 
The six foundational futures concepts discussed in the previous section closely relate to 
the six pillars of Futures Studies. According to Inayatullah (2008), a theory of futures 
T. Marope : 212458485     
P a g e  | 20 
 
thinking that goes together with methodologies and techniques, is developed through 
praxis (a process by which a theory is realised). This theory is presented by the six pillars 
of Futures Studies. These pillars are: mapping, anticipation, timing, deepening, creating 
alternatives and transforming. Futures Studies can help us recover our agency as the 
world becomes increasingly dissimilar, as events from faraway places intensely impact 
how, where, when, why and with whom we live and work. Inayatullah (2008) state: ―By 
mapping the past, present and future; by anticipating future issues and their 
consequences; by being sensitive to the patterns of change; by deepening our analysis to 
include worldviews, myths and metaphors; by creating alternative futures; and by choosing 
preferred and backcasting ways to realise the preferred, we can create the world we wish 
to live in‖. This research focuses on the fourth pillar of Futures Studies i.e. deepening the 
future. This pillar provides two decisive methods i.e. Causal Layered Analysis and the Four 
Quadrant Mapping (Inayatullah, 2008). The Causal Layered Analysis methodology will be 
discussed later in the chapter. 
  
2.3 CAUSAL LAYERED ANALYSIS 
2.3.1 Causal Layered Analysis defined 
Causal Layered Analysis is a theory of knowledge (seeking to integrate empirical, 
interpretive, critical and action learning modes of knowing) and a methodology (not 
predicting the future but creating transformative spaces) for creating more effective 
policies and strategies. CLA has been used successfully with governments, corporations, 
international think tanks, communities and cities around the world since its invention in the 
late 1980s. This methodology has also been used as the primary research method for 
many postgraduate students around the globe (Inayatullah, 2004; 2014). CLA also helps 
individuals and organisations (Inayatullah, 2014) understand the current reality and since 
the methodology provides a tool to dig deeper and more broadly, it allows organisations to 
create an alternative future that is robust in its implementation. According to Inayatullah 
(1998) and Metafuture (2014), CLA is more about creating alternative futures by opening 
up the present and past, and not necessarily about forecasting a certain future. The 
methodology does not focus much on the horizontal dimension of futures compared to 
tools like emerging issues analysis, scenarios and backcasting and more on the vertical 
dimension i.e. layers of analysis.  
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Inayatullah (1998: 825) wrote: ―The utility of CLA is that it can categorise the many 
different perceptions of realities while remaining sensitive to horizontal and vertical spaces. 
Often individuals write and speak from differing perspectives. Some are more economistic, 
others are concerned with the big picture, some want real practical institutional solutions, 
others want changes in consciousness. CLA endeavours to find space for all of them‖. 
Causal Layered Analysis describes the future and its impact on people by recognising the 
driving forces and worldviews behind various viewpoints. For organisations, CLA enables 
the viewpoints of a lot of people (employees, employers, stakeholders etc.) about a 
challenge or strategies to be considered in order to recognise the driving forces and 
worldviews modelling that particular challenge (Jackson, 2013). The author further states: 
―It is particularly useful when different groups hold different perspectives on the future of 
an organisation and what strategy should be actioned. Through group discussion, sharing 
of diverse perspectives, and surfacing contrasting worldviews and underpinning myths, the 
method encourages the deconstructing of conventional thinking to produce a shared view 
of possible future outcomes that can break existing paradigms of thinking and operating‖. 
Uses, benefits and disadvantages of CLA, as described by Jackson (2013) are listed as 
follows; 
 
2.3.1.1 Uses of the Causal Layered Analysis 
 Establish why things are presently not working and come up with relevant and 
possible solutions. 
 Query future thinking that is conventional. 
 Come up with organisational strategy as a collective. 
 Explore challenges from qualitative viewpoints to reinforce comprehension of a 
particular challenge. 
 Enable multi-cultural discussion and comprehension. 
 Understand own worldview in order to establish means of analysing the globe. 
 Come up with various types of products, services and revised policies. 
 
2.3.1.2 Benefits of the Causal Layered Analysis 
 Interest a wide variety of participants collaboratively. 
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 Can work well with various foresight methods. 
 It can support the establishment of powerful and richer future scenarios. 
 Provides for a valuable verification system to make sure that developed scenarios 
are strong across varied viewpoints. 
 Constructs visions that are shared by many regarding a preferable organisational 
future. 
 Potential for issue transformation. 
 Connects short, medium and long-term strategic thinking. 
 
2.3.1.3 Disadvantages of the Causal Layered Analysis 
 Requires people taking part in discussions to be open to sharing of viewpoints and 
question their assumptions and expectations of operations in an organisation. 
 Needs to be linked with other foresight methods to come up with future scenarios. 
 It is important for participants to accept the basic CLA theory. 
 May inadvertently reduce creativity by individuals. 
 May constrain action through 'analysis/paralysis'. 
 
In an attempt to further describe Futures Studies, Inayatullah (1998) divided these studies 
into three research dimensions that overlap. These dimensions are the empirical, 
interpretive and critical dimensions. Each individual dimension has diverse assumptions 
and expectations about the nature of reality, truth, the universe, the future and about the 
role of the subject. The author recommends an approach that utilises all three dimensions 
i.e. one that contextualises data (the empirical) with the meanings (interpretive) given, and 
then locates these meanings in various historical structures of power/knowledge-class, 
gender and episteme (the critical)  Inayatullah (1998) states: ―Causal Layered Analysis is 
well situated in critical futures research and is less concerned with disinterest (the 
empirical) or with creating mutual understanding (the interpretive) but more concerned with 
creating distance from current categories. This distance allows us to see current social 
practices as fragile, as particular, and not as universal categories of thought – they are 
seen as discourse, a term similar to paradigm but inclusive of epistemological 
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assumptions‖. The author maintains that CLA is based on the assumption that the way in 
which one models a problem has an effect on possible policy intervention and all the 
stakeholders answerable for coming up with change. The author also argues that Futures 
Studies, as far as CLA is involved, needs to be viewed as layered, as deep and shallow. 
As such, CLA‘s textured richness cannot be merely as a result of only empirical trends.  
 
2.3.2 Historical context of the Causal Layered Analysis 
Sohail Inayatullah got intrigued by the disagreements that developed during his schooling 
days at the University of Hawaii‘s Department of Political Science in the late 1970s and 
early 1980s (Inayatullah, 2004). The empiricists were looking to make the study of politics 
far more scientific by focussing on data. The poststructuralists, on the one hand, were 
concentrating on the politics of meaning, seeing debates on electoral politics as 
unimportant and empiricism as trite since it failed to account for culture, class and 
language (Inayatullah, 2004). However, the disagreements were not only felt in the two 
factions. A third, interpretive school of thought was interested in neither the disinterest of 
science nor the distancing of post-structuralism but in establishing discourses that are 
shared in coming up with authentic meaning and conversation. This interpretive 
perspective viewed the empiricists and the poststructuralists as extremes (shown on either 
side of the continuum in Figure 4). Somewhere in this mix was Futures Studies. This fourth 
futures position was focused on issues that related to knowledge being applied, 
theoretically well versed, having the know-how of empirical methods but also having 
insight on values (preferred futures) and not forgetting to learn by doing (Inayatullah, 
2004). These multiple perspectives ultimately played a role in how the aforementioned 
author‘s view formed and developed. Subsequently, the influences of several authors 
(Galtung, Foucault, Sarkar and Slaughter) all contributed to the formation of the Causal 
Layered Analysis. Inayatullah (2004:11) states: ―To understand the future, we should not 
be lulled into a single variable approach (a theory of everything) but rather we must include 
many variables and – this is crucial – many ways of thinking.‖  
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Empirical            Interpretive                Poststructural 
(Scientific)       (Shared Discourses)   (Politics of Meaning) 
 
 
 
 
 
Figure 4: Historical Context of the Causal Layered Analysis (Source: Adaptation from Inayatullah, 2004) 
 
2.3.3 The value of deeper foresight 
Slaughter (2002) asks six questions against three modes of futures enquiry, culminating 
into a pattern of interpretations, known as Structural Mapping Matrix (Shown in Table 1) 
which indicates the possible achievements from both a single approach as well as from a 
combination of approaches. Slaughter (2002) argues that the introduction of breadth to the 
depth element moves the process of methodological development ahead. In elucidating 
the Structural Mapping Matrix, Slaughter (2002: 495-506) proposes three layers of 
analysis namely; Pop futurism, Problem-oriented futures work, and Critical and 
epistemological futures studies. Pop futurism is mostly apparent stories that are normally 
superficial and can be seen in the media front. In this realm, the author posits that ‗change‘ 
is a challenging concept that has not being fully understood but used many times. 
Similarities are realised between the ‗litany‘ and pop futurism in that problems are 
imminent at this stage and continuously reproduced in the global media. Items in the 
pipeline are predominantly gadgets that are intended to improve lives of people. 
 
Futures 
Studies 
(CLA) 
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Table 1: Structural Mapping Matrix  
  Pop Futurism Problem-Oriented Critical & Epistemological 
(The litany) (Social Sciences) (Discourse, metaphor, myth 
& worldview) 
What stays the same? Seldom asked Rules Nothing 
What are the key trends Technology Laws, rules, regulations 
etc. 
Empirical, social etc. 
What are the main 
change processes? 
  
Snapshots of 
change 
  
Insights into specific 
areas 
A major area of interest 
  
What are the most 
important problems? 
  
Outrageous or 
restricted  
to the 'litany' 
Major focus 
of enquiry 
Problems are problematic 
without a deeper view 
What are the new items 
'in the pipeline'? 
  
Mainly new gadgets 
  
Use of environ. 
scanning 
and foresight methods 
Highly problematic 
  
What are the sources of 
inspiration and hope? 
  
Wealth, power, 
technical 
development 
New agendas, taking  
charge 
Cultural critique, 
reconstruction and  
renewal of worldviews 
Source: Adapted from Slaughter, 2002 
 
Slaughter (2002: 495-506) refers to the second layer (problem oriented futures work) as 
the core of the mainstream futures activity. Looking closely into the six applied questions, 
the first being: ‗what stays the same‘, there are strong expectations of continuousness in 
the apparent social associations and the rules, regulations etc. controlling them. The 
important trends are typically seen affecting the social and economic realms. The main 
aim of this kind of analysis is to come up with incremental changes in the system of checks 
and balances that allow institutions to adapt to a changing world. A lot of focus is put on 
the techniques of rational exploration, which are reinforced by unregarded worldview 
assumptions about the capability of people to regulate and control the world. That is why a 
lot of focus is put on the framing of new laws, rules, regulations, etc. (Slaughter, 2002: 
495-506). Environmental scanning and the analysis of trends are used as methods to 
establish a forward view of issues. These methods are used to analyse possible new 
‗items in the pipeline‘ by: identifying signals, following the development of emerging 
challenges and as such coming up with solutions to their implications. The creation of well-
founded responses to well-studied problems are the sources of inspiration and hope, e.g. 
creating new agenda items, re-directing policies and creating social or organisational 
innovations (Slaughter, 2002: 495-506). 
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According to Slaughter (2002:495-506), critical and epistemological futures work (third 
layer) utilise the techniques of post-modern analysis and critique to ‗peel away‘ the layers 
of received perspective and separate the fundamentals of social life: the social creation of 
actuality. At this point, nothing remains the same since everything is in motion. The 
significant developments at this layer are not coming from the outer world and are not 
visible to empirical ways of knowing. They are somewhat separated by in-depth 
consideration on, and involved in, the fundamentals of social frameworks. Hence, the 
trends of interest at this stage are those that occur at the layer of underlying values, 
opinions, customs, etc. Change processes are seen as extremely unstable, challenged 
and continuously strongly revealing of underlying causes and motivations. These include 
social interests, power relations, definitional power and a wide range of civilisational 
‗givens‘ (Slaughter, 2002:495-506). 
 
Slaughter (2002: 495-506) also highlights that problems are challenging/problematic at this 
point. Problems often take one back to the social setting in which they were constructed, 
defined, framed in ways that show the constitutive interests of particular actors. Similar to 
perceptions and meanings, problems, are without doubt intertwined with a lot of 
assumptions that are not visible until analysed and critiqued by trained professionals. 
‗Items in the pipeline‘ are similarly viewed as being problematic. Sources of inspiration and 
hope at this layer are positioned in a strong and unambiguous contrast to the shared view 
of prevalent meaninglessness that stalks much postmodern questioning. In this context, 
the techniques of postmodern analysis that disclose the provisionality of many of the 
fundamentals of social life also disclose many of the options for regeneration and 
reclamation. Slaughter (2002:504) writes: ―Thus, following acts of critique and 
deconstruction lie the grounds of recovery, the renewal of meaning and purpose. What 
transforms this otherwise cold methodology is that it is powered by transpersonal energies 
and inspiration. Hence, the ultimate purpose of futures work at this layer is to open out 
productive mind-spaces, to design in-depth social innovations and to prefigure more 
advanced stages of civilised life. Inherent in this process are many powerful sources of 
inspiration and hope‖.  
 
The Structural Mapping Matrix is basically divided into three sections i.e. layers of 
analysis. Firstly pop-futurism carries an approach that represents the actualities that are 
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out there in the media scene. Slaughter (2002:506) states: ―Taken alone, it arguably 
retards the progress of FS towards maturity and acceptance because it produces 
caricatures of the world and is invariably disappointing‖. The second layer, problem-
oriented layer, is currently a popularly used mode of work around the globe. The reason 
for its popularity is that, the approach puts emphasis on social problems and the 
construction of resolutions to them. The third layer of analysis, critical and epistemological, 
digs a lot deeper than the first two layers in that it allows us to challenge the problems 
emanating from change and transformation. Slaughter (2002:506) also states: ―This work 
is deeper, more risky and more challenging‖.  
 
2.3.4 Layers of analysis of the Causal Layered Analysis 
Multiplicity is not the solution and indeed is not the only direction that futures studies are 
moving toward. The use of multiple factors, while reducing the variance of the issues 
needing explanation, is often superficial since breadth of enquiry may have been achieved, 
but not depth. Organizational transformation requires a skilful use of horizontal and vertical 
methods of futuring (Inayatullah, 2002). Methodological developments wherein the future 
is considered not just in horizontal space but in vertical space is an important development 
in the field. Horizontal space is best explored with scenarios and what-if analysis while 
depth is best explored with causal layered analysis and other poststructural methods 
within a critical futures framework (Inayatullah, 2002). Causal Layered Analysis assumes 
four layers of analysis, as outlined by Sohail Inayatullah. This author maintains that the 
first and second layers are the most visible whereas the third and fourth are broader, 
deeper and a lot more problematic to recognise (Inayatullah, 1998; 2004; 2008).  
 
Inayatullah (1998) describes the first layer as follows: ―Quantitative trends, problems, often 
exaggerated, often used for political discourse usually presented by the media. Events, 
issues and trends are usually not connected and also appear discontinuous at this layer. 
The result is often, either a feeling of helplessness (what can I do?) or apathy (nothing can 
be done!) or projected action (why don‘t they, usually meaning the State, do something 
about it?). This is the conventional layer of futures research which can readily create 
politics of fear‖. The litany layer is the furthermost noticeable and apparent, and does not 
require much analytical know-how. Assumptions are also not questioned much at this layer 
(Inayatullah, 2004). The litany layer, in relation to this research, will deal with the 
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proliferation of UASs in the national airspace. A specific analysis on drones and new 
technologies employed will also be carried out. Literature has shown that some of the 
technologies that could affect the operation of UASs in civilian airspace include, inter alia, 
navigation technology, digital vision technology, nanotechnology, collision avoidance or 
―sense and avoid‖ technology, data link integrity technology, flight termination technology 
and air traffic management technology. The impact of the aforementioned technologies will 
also be analysed in detail at this layer. 
  
The second layer of the Causal Layered Analysis focuses on systemic causes that include 
social, economic, cultural, political and historical factors. The focus of understanding at this 
layer is given to quantitative data. This sort of analysis is normally articulated by policy 
institutes and published as editorial pieces in newspapers (Inayatullah, 1998). The best 
outcome possible at this layer is for the triggering action to be analysed. This layer 
specialises on technical descriptions and academic enquiry. The role of governments, 
amongst other stakeholders is normally investigated at this layer (Inayatullah, 1998). The 
data is normally contested but the line of inquiring does not question the paradigm in which 
the issue is formed (Inayatullah, 2004). At this layer, the research will focus on several 
drivers of change (social, economic, cultural, political and historical factors) that intensify 
the usage and the willingness from different sectors (Governments, business, interest 
groups, communities etc.) to get involved in the operation of UASs. 
 
The third deeper layer of analysis encompasses structure and the worldview that supports 
and legitimates it (e.g. population growth and civilisation perspectives of family, lack of 
women‘s power, lack of social security, the population/consumption debate etc.). The 
challenge is to identify deeper social, linguistic, cultural structures that are actor-invariant 
i.e. not dependent on who are the actors.  Discerning deeper assumptions behind the 
issue is crucial at this stage as are efforts to review the problem (Inayatullah, 2004). The 
worldview layer consists of other layers/levels. The first layer is called the stakeholder 
layer — this is where different interests are expressed from various stakeholders. The 
second layer is called the ideological layer – this refers to the deeply held viewpoints on 
how the world appears and how it should appear (e.g. Economism versus Sustainability 
versus Neo-Marxism). The third layer is the civilisational as articulated through worldviews 
(Western, Islamic, and Confucian, for example). The fourth layer is termed the epistemic 
(e.g. postmodern, modern, and premodern). Every challenge that needs to be solved will 
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call for a particular discourse or a mixture of a few (Inayatullah, 2004). According to 
Inayatullah (2004) the third layer of the CLA (worldview) enquires about the fundamentals 
of how the litany has been formed and the variables used to comprehend it. This research 
will seek to understand the deeper issues that constitute the increased usage of UASs and 
the subsequent deployment of new technologies in these machines. The impact of future 
technologies on UASs will also be established at this point.  
 
Inayatullah (1998) describes the fourth layer of Causal Layered Analysis as the layer of 
metaphor or myth. The author states: ―These are the deep stories, the collective 
archetypes, the unconscious dimensions of the problem or the paradox (e.g. seeing the 
population as non-statistical, as community, or seeing people as creative resources etc.). 
This layer provides a gut/emotional layer experience to the worldview under inquiry. The 
language used is less specific, more concerned with evoking visual images, with touching 
the heart instead of reading the head‖. Inayatullah (2004) maintains that the 
mythical/metaphorical layer forms the essence of enquiring or critiquing. However, 
enquiring is restricted because the modelling of enquiry must go into other models of 
understanding (e.g. the mythical). Analysing conventional metaphors and then coming up 
with alternative metaphors becomes a commanding way to critique the present and create 
the possibility of alternative futures. Metaphors and myths move the development and 
rationalisation of the future beyond rational efforts in addition to revealing the deeper 
civilisational bases for particular futures. 
 
A vision cannot be expressed in strategic language. Using metaphors is possibly the best 
method to describe alternative future actualities. They work at a gut layer and can capture 
complexity more easily than other descriptions of the world. While quantitative forecasting 
is useful to discern likely possibilities based on current trends - for example, in 
demographics - it does not offer any insight into what population changes mean to different 
groups. Using poetic language, metaphor gives us insight; it indicates what is most 
important. Often unconscious, an organisation‘s (or individual‘s or nation‘s) root metaphor 
can both provide new opportunities as well as limit what is believed to be possible. IBM 
saw this switching from a company that sold computers to a company that provided 
solutions (Inayatullah, 2000). Inayatullah (2004:18) writes: ―Causal layered analysis 
includes this metaphorical dimension and links it with other layers of analysis. It takes as 
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its starting point the assumption that there are different layers of reality and ways of 
knowing. Individuals, organisations and civilisations see the world from different vantage 
points — horizontal and vertical‖. At this stage, this research will seek to paint a picture 
regarding the future of UASs, the usage and impact of new technologies in these 
machines. This research will tell a new story about UASs and all related technologies at 
this point. 
2.4  CONCLUSION 
The challenge with CLA comes in the difficulty of incorporating all four layers of analysis 
i.e. different ways of knowing or perspectives. These perspectives are particularly brought 
in by the worldview and metaphorical layers, thus allowing an element of breadth to the 
analysis. As such, the different perspectives serve as a basis to reconstruct the visible 
layers (Metafuture, 2014). CLA can also be applied to the inner world of meanings – the 
litany of self-representation, the system of identities, the discourses of the architecture of 
the mind, and foundational myths and metaphors that define the construction of identity in 
addition to the external. Conceptual undertaking through depth and breadth makes the 
creation of authentic alternative futures and integrated transformation possible. CLA starts 
and finishes by questioning the future (Metafuture, 2014). 
 
The purpose of introducing a ―depth‖ perspective on anything is to seek to uncover deeper 
layers of understanding than a more superficial or ―surface‖ view reveals and thereby to 
potentially generate new insight, which caters well for the prepared mind (Voros, 2005). 
CLA relates to the movement from the litany of the future (the most visible trend, 
technological or demographic forecasts) to the social and economic layer (short term 
causes, policy analysis) to worldview (shared and not so shared paradigms of the 
organisation) to myth and metaphor (the deeper stories). Questions, while beginning at the 
first layer i.e. litany, cannot end there; they must explore each layer (Inayatullah, 2000). 
Inayatullah (1998) states: ―The responsible body that solves the problem changes at each 
layer. At the litany layer, it is usually others i.e. governments or corporations. At the social 
layer, it is often some partnership between different groups. At the worldview layer, it is 
people or voluntary associations, and at the myth/metaphor layer it is the leaders or 
artists‖.  
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The next chapter includes a literature review on Aviation Futures with a focus on 
unmanned aircraft systems. A particular review on technological factors impacting on 
unmanned aircraft systems will also be carried out. This review will also give emphasis to 
the drivers of change applicable to the use of new technologies on unmanned aircraft 
systems.  
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CHAPTER 3 
 
3 AVIATION FUTURES 
3.1 INTRODUCTION 
The previous chapter captured the theoretical background of the research methodology 
that will be used in carrying out this research. The chapter provided a background on 
future studies, futures methodologies and related techniques. A specific exploration of the 
Causal Layered Analysis and its role in this research study was also conducted. The 
current chapter covers a literature review on the aviation industry in general. This literature 
review will also deal with issues relating to the aerospace industry because of the 
technological overlap recognised between this industry and the aviation industry. A 
specific review of the Unmanned Aircraft Systems with a particular emphasis on the 
related technologies impacting on these machines will be conducted. This theoretical 
review will also shed some light on the drivers of change applicable to the use of new 
technologies on Unmanned Aircraft Systems. 
 
3.2 A SNAPSHOT OF THE WORLD IN 2025 
3.2.1 Population growth and resources 
Leading to 2025, the UN estimates an increase in the world population of 20%, reaching 8 
billion people. The current (2009) population is estimated at 6.5 billion people. The 
developing economies (Asia and Africa) are expected to account for the 97% of this 
growth. Asia is expected to account for 61% of the world population by 2025. India is 
expected to catch up on the population of China, which will have started to decline. 
Looking closely into Asia, South Asia will experience the highest population growth with a 
high fertility rate compared to South-East Asia and East Asia. In the same year, the 
cumulative effect of the population of the European Union will only account be 6.5% of the 
world population (European Commission, 2009). In the same work, it was noted that none 
of the countries of the Union taken individually will count among the 10 most populated 
countries of the world. The Union will contain the highest proportion of people of more than 
65 years old in the world (30 % of the population). In 2030 just over two people will be of 
an age to work per elderly person compared to four in 2008. The budgetary impact of 
ageing (the need for public provision of age-related transfers and services) is expected to 
be substantial and to increase by more than 5 percentage points of Gross Domestic 
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Product (GDP) by 2060 in the euro area especially for pension, healthcare and long-term 
care spending.  
 
The European Commission (2009) also highlights that 95 % of urban growth in the next 
twenty years will happen in the cities in developing countries and these cities will account 
for and will shelter almost 4 billion people by 2025. The number of people living in slums in 
the world will double between now and 2025 to reach more than 1.5 billion people. World 
production will almost double in 2025 compared to 2005. It is expected that the USA will 
still lead the USA-EU-Japan triad; however this partnership will no longer dominate the 
world like before. A more balanced spread will be experienced. Thirty four percent of the 
wealth in the world will reside in the emerging and developing countries, this figure used to 
be 20% in 2005. The majority of world production will be taking place more in Asia. The 
European Union will be challenged by the trio of China, India and Korea. The GDP of Asia 
is expected to reach more than 30% of the GDP of the world and surpass the EU GDP. 
This possibility will be enhanced by the addition of Japan, Taiwan, Thailand and Indonesia 
to the Asian GDP. China could become the second world economic power and India the 
sixth economic power of the world ahead of Italy and behind France before 2025. 
 
According to IATA (2011) the G20 countries would increase their GDP to $170 trillion by 
2050 from $38 trillion recorded in 2009. This association maintains that China would 
become the largest economy as early as 2035, with China, India, Brazil, Russia and 
Mexico accounting for a GDP exceeding 50% of the G20 countries. Indonesia, the 
Philippines, Vietnam, Iran, Turkey, Chile, and South Africa would be lurking closely behind 
according to this vision. The European Commission (2009) reports: 1 billion people could 
constitute the ―global middle class‖ (earning a range of 4 000 0 - 17 000 dollars annually) 
by 2030. The majority of these people, approximately 90 % will be residing in the 
aforementioned countries. However, an increase in inequalities in China and Asian 
developing countries could become a threat. Political and social implications will also be 
some of the challenges that come with the growing middle-class predicted.  
 
Another challenge highlighted is the declining access to natural resources. The increased 
scarcity of natural resources will continue to push the planet more into its vulnerable state. 
With oil and gas expected to become extinct and with prices souring high, some other 
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forms of energy are expected to be used. These include liquefied coal, oil shale, first 
generation biofuels and firewood from deforestation. However, the aforementioned energy 
sources do not consider the impact they have on the climate change. The EU is expected 
to be affected the most by energy shortages; as a result the region will be more dependent 
on external sources (importing approximately 70% of energy needs in the region) 
compared to the situation in 2005 provided there is no policy change. There are calls for 
the pegging of the oil price (approximately 70 to 80 dollars a barrel) though improbable, in 
order to alleviate pressures on the consumer. However, there is also a drive to encourage 
alternative and green energy (EU is targeting that 20 % of its energy needs should be from 
renewables by 2020). IATA (2011) also states: ―The new geopolitics of energy (reduction 
in the weight of oil for the benefit of other kinds of energy and renewable energy) could 
give a greater weight to Russia (gas), China (coal) and Kazakhstan while starting the 
relative decline of the strategic importance of the Middle East (except perhaps Iran which 
could become the next gas superpower)‖. 
 
Energy prices are expected to keep increasing based on the tensions between 
experienced high demand and limited supplies caused by the lack of available resources 
(oil, gas) and their polluting nature (coal). These prices can perhaps be contained by 
promoting the use of renewable energy as well as the promotion of reducing energy 
consumption. The demand from the predicted 8 billion people in 2025 will not make this 
easy though. In fact, it is suspected that tensions will continue souring between production 
and consumption patterns (European Commission, 2009). Thomson Reuters (2014) claims 
that the majority of the world energy crises will be sorted by the use of solar power. 
According to this entity, solar will be the leading source of energy in the world in 2025. This 
is based on the advanced methods for harvesting, storing and converting solar. 
Improvements in photovoltaic technology, chemical bonding, photocatalysts and three-
dimensional nanoscale heterojunctions will enable the sun‘s energy to be harvested much 
more efficiently. The conversion of this power to solar power will be a lot more efficient as 
well. The majority of people (not just a few environmentally conscious) will have access to 
this energy.  
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3.2.2 Technology 
According to IATA (2011), new technology would have completely transformed the manner 
in which individuals carry on with their lives in 2050. It will be a common phenomenon for 
people to access information in real time, anytime, anywhere. Portable devices containing 
all necessary personal data related to their owners called Lifestyle Integrated Management 
Pods (LIMPs) will be used by most people if not everyone by 2050. Adults will have full 
usage of LIMPs; however young individuals will be guided by their parents until they reach 
the age of 16. LIMPs will enable individuals to manage every aspect of their lives 
(business, entertainment, communication and information needs) based on the real-time 
link that these devices would have with the latest internet base. Due to the nature of the 
design incorporated in the LIMPs i.e. biometrics and many more; these devices will open 
up a host of possibilities for individuals. For example, they will enable people to monitor 
their own health issues and sometimes be able to fix these problems. For people who own 
these devices, a community of a virtual world will exist. Therefore, LIMP holders will be 
able to communicate amongst each other, trade goods and monitor them while in transit, 
access electronic entertainment that includes audio/video coverage at real time all across 
the planet. The European Commission (2009) cautions ―Numerous scientific and 
technological advances (cognitive sciences, nanotechnologies, synthetic biology, 
surveillance technologies, biometrics, etc.) will give rise to controversies in society by 
2025‖. Therefore these realities should be taken into consideration by, inter alia, society, 
business, education fraternity etc. when confronting life‘s challenges. 
 
3.3 AEROSPACE INDUSTRY 
The aerospace industry, in general terms, is an industry that encompasses the design, 
manufacture and the use of technology of flight in both the general airspace (aviation) and 
in space. Sciencescope (2006) posits that a thriving and competitive aerospace industry is 
viewed by a lot of nations as a crucial component for a safe and successful nation. The 
European Union and the US boasts very large aeronautical and space industries. These 
industries are very critical to the universal generation of technology, wealth and expertise. 
The world-wide aerospace industry is a powerful driver of innovation across the industrial 
base by the nature of the skills and technologies prevalent in the industry. According to 
Gladstein and Kleiner (2008), the aerospace industry is a vital, leading edge industry in the 
US. The industry directly employs several hundred thousand workers and indirectly 
supports the employment of several hundred thousand more in related industries. It is one 
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of America's largest exporters and is the nation's largest manufacturing exporter. 
Aerospace also helps fuel the emergence of new technologies, which leads to new 
industries in the US. Soko (2006) supports the aforementioned views by describing the 
aerospace industry not only as a strategic asset but also an important generator of wealth 
and a driver of technological and economic development in many industrialised countries. 
The author also highlights importance of this industry as a source of employment. In 2000, 
the European space industry directly employed 429 000 people with thousands more 
employed indirectly. The global aerospace sector is poised to expand by 25% in real terms 
to $250 billion a year, with the number of airlines in service expected to increase to 20 000 
by 2020. According to Sciencescope (2006), Boeing and Airbus are undoubtedly the 
largest aircraft manufacturing entities in the world. These two companies control, either 
exclusively or through mergers, the biggest stake of both the civilian and military 
aerospace markets. 
 
The aerospace outlook in the South African context is not necessarily flamboyant 
compared to the USA; however the industry can be proud of its achievements. 
Sciencescope (2006) argues that the CSIR has propelled the South African aerospace 
industry forward because of the experience displayed by this institution in terms of 
aerospace innovation and Research and Development (R&D).  
 
The CSIR is regarded as an integral player in the South African aerospace landscape and 
a custodian of unique world-class aerospace R&D skills. Aerospace is a very diverse 
industry with a multitude of commercial, industrial and military applications. In South Africa, 
aerospace activities include those surrounding defence, civilian aviation, aeronautics and 
space (Kraemer-Mbula, 2008). The general aviation sector, the commercial and military 
aviation all make up the South African aerospace industry. The underlying technology 
utilised in these sectors are fundamentally similar though applications differ. 
(Sciencescope, 2006). One of the recent significant achievements reported (Defenceweb, 
2014), Denel Aerostructures and Aerosud have signed a landmark collaborative 
agreement with Airbus that aims to strengthen the competitiveness of South Africa‘s 
aerospace industry and allow it to bid for more work packages from global manufacturers. 
Under the new relationship, the three companies will jointly develop industrial projects 
which will enable the South African companies to jointly bid for larger scale manufacturing 
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work packages on Airbus commercial airliner programmes than they have been able to 
secure independently of each other. This new approach is in line with the National 
Development Plan, and further supports Denel‘s business strategy as it opens the door for 
us to participate on the world‘s most modern and successful commercial airliners, while at 
the same time reducing our dependency on military programmes,‖ said Ismail Dockrat, 
CEO of Denel Aerostructures. 
 
3.3.1 Airline Industry in 2025 
The FAA (2014) has come up with a vision termed Destination 2025 to take aviation into 
the future. The authority writes: ―The Destination 2025 vision captures the ideal future we 
strive toward — a transformation of the Nation‘s aviation system in which air traffic will 
move safely, swiftly, efficiently, and seamlessly around the globe. Flights will take off and 
land on time, every time, without delay, and there will be no fatal accidents. Air travel will 
be routine and uneventful for everyone involved: passengers, crews, ground support, and 
communities. Costs will be contained for both operators and passengers, and there will be 
no negative impact to the environment. Manned and unmanned flights will each achieve 
safe flight, as will commercial launches to space. This is a vision that captures the future 
we will strive to achieve — to transform the Nation‘s aviation system by 2025.‖ The stated 
vision by the US aviation regulator is one that could be achieved if all the forces playing in 
the aviation sphere would be balanced. However, the world that currently exists and 
continues to evolve will more likely remain tacitly imperfect. Congressional Digest (2013) 
argues that the FAA is heading into a time of unprecedented challenges, as the regulator 
works to adapt to a rapidly changing aviation system in the presence of changing 
economic, social, environmental and energy needs of both the US and its global partners. 
In an effort to make the above mentioned vision a reality, the FAA has introduced a system 
called the Next Generation Air Transportation System (NextGen). In describing NextGen, 
the FAA (2014) stated: ―NextGen is a series of inter-linked programs, systems, and 
policies that implement advanced technologies and capabilities to dramatically change the 
way the current aviation system is operated. This system is satellite-based and relies on a 
network to share information and digital communications so all users of the system are 
aware of other users‘ precise locations‖. This system is said to make U.S aviation safer, 
reduce delays, and mitigate impacts on the environment. However, it remains to be seen 
how the FAA will implement this system to achieve the set goals. 
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NextGen and its subsequent integration into the US national airspace and ultimately the 
global aviation industry will not be ―a walk in the park‖. IATA (2011) points out that 2.4 
billion passengers travelled in this industry and 40 million tonnes of goods were shipped in 
2010. These figures are set to increase to 16 billion passengers and 400 million tonnes of 
goods leading to 2050. In the same year, air transport is set to grow at approximately 
double the GDP expansion rate. This translates to more people travelling, frequently so, 
than ever before. IATA (2011) also highlights that global advances in general technology 
will make the sector unrecognisable from what it has been. Air travel is said to be quicker, 
(if required), safer and more smooth than ever before. According to Thomson Reuters 
(2014), electric air transportation will also take off by 2025 due to light-weight aerospace 
engineering in conjunction with new battery technologies that will power electric vehicle 
transportation, both on land and in the air. Moving from one destination to the next would 
be considerably altered in 2025 compared to today. Cars and airplanes will be generally 
lightweight (smart materials), smarter, battery powered (lithium-ion batteries), and as such 
would be able to travel longer distances and a lot quicker. Light commercial aircraft will be 
able to fly the skies for short-hop flights. These new planes will be able to take off and land 
in much smaller spaces compared to what planes can currently do. This will be made 
possible by advances in non-carbon based fuel sources, including lithium-ion batteries, 
reversible hydrogen storage options, nano-materials in fuel cells and thin-film batteries. 
One other technology that will become common is distributed power sources that recharge 
10 times more than today and store much more energy than current sources.  
 
The future as described by IATA (2011) towards 2050 will have mobile technology as an 
integral part. The behaviour of air passengers will be affected by the available mobile 
technology especially by the year 2050. LIMPs will afford the transport consumers the 
opportunity to alter their schedules without any effort anytime. Transfer offices and 
passenger information offices will no longer exist, thereby getting rid of queues. In what 
seems to be highly unlikely to occur according to some of the aircraft manufacturers like 
Airbus, IATA (2011) predicts that in-flight entertainment will no longer exist by 2050 due to 
the fact that individuals will possess their own personal audio/video/virtual entertainment 
needs based on the use of LIMPs. In a contrary view, Airbus (2014) believes that the 
Airbus Concept Plane, that is envisaged for the future will still have an in-flight 
entertainment platform though highly sophisticated. Specific models of aircraft displaying 
such capabilities will be highlighted in the sections to follow. 
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IATA (2011) also predicts: ―Vastly improved high-speed train networks will become the 
norm in developed economies. As such, the train will often be the preferred alternative for 
relatively shorter journeys. But for customers wishing to travel longer distances, air travel 
will remain the only option available. The shipment of cargo will also become equally 
revolutionised. Businesses will rarely have corporate centres anymore and manufacturers 
will move their operations from one site to another with increasing regularity as labour and 
raw materials will be more easily available anywhere and at any time. Cargo operators will 
also have to evolve their operations based on the need for ever-increasing flexibility and 
customisation. Individuals with shipping needs will also enjoy the benefits of greater 
flexibility and customisation‖.  
 
3.3.2 Aircraft models highlights 
Different aircraft manufacturers have in recent times displayed several models of aircraft of 
the future. Amongst these manufacturers, Airbus has come up with what is called the 
Airbus Future Concept Plane (Figure 4), which is part of the 2050 vision of the future as 
presented by this aircraft manufacturer (Airbus, 2014). In painting an image about this 
aircraft, Airbus states: ―This Concept Plane brings together a package of technologies, 
which although feasible, are unlikely ever to coexist in this manner. So it is not a plane that 
will fly, but it stretches the imagination of engineers, it highlights some of the challenges 
and decisions that lie ahead for air travel, and it illustrates the main technologies being 
explored in anticipation of the future needs of passengers and their planet. The Concept 
Plane is unique because it can bring together different technologies, without having to 
worry about the impact of one on the others - so it represents the best of all worlds. In 
reality engineers have to find the best balance of technologies, depending on what the 
envisaged priorities are‖. 
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Figure 5: The Airbus Concept Plane (Source: Airbus) 
 
Some of the highlights of technological advancements featured in the Airbus Concept 
Plane include the use of intelligent materials to build the structure of the aircraft. According 
to Airbus (2014), the new lightweight smart materials sense the load they are under, 
making for a lighter aircraft that draws less fuel and curbs emissions. The wings of the 
plane are also set to be longer and slimmer. This type of wing design will make gliding 
through the skies easier because the air flow over the wing surface will lessen the drag 
effect and this will ultimately improve fuel efficiency. Despite new advanced materials and 
complex aircraft design shapes, Airbus (2014) maintains that the costs of manufacturing 
this aircraft as well as the impact on the environment will be lessened because of the 
applied new manufacturing methods. Another technological advance to be noted in this 
aircraft is the power-plant (engines) design and capability. Airbus (2014) also highlights: 
―The engines will be more reliable, quieter and fuel-efficient. The positioning of the 
engines, at the rear and semi-embedded, fully optimises the aircraft for lower fuel burn. 
The engine placement also boosts cabin comfort through decreased noise levels. The 
engines can be incorporated into the aircraft body because technological advances would 
have reached such a layer that superior engine reliability will diminish the need for 
immediate access to its components‖. 
 
The fuselage (central body of the aircraft) of the Airbus Concept Plane is no more a simple 
tube. It is now curved and shaped to provide more internal space for various cabin 
configurations, with better aerodynamics outside to improve flight. Composite materials are 
used to manufacture the fuselage and the entire aircraft structure. The added advantage of 
using composites is that the material has easy-to-shape characteristics. The empennage 
(tail section of the aircraft) is U-shaped, acting as a shield to reduce external noise 
pollution. The concept plane does not use a vertical tail, as seen on the planes of today. 
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Vertical tails (vertical stabilisers) are required when engines are installed on the wings as 
they provide directional stability in case of engine failure. According to Airbus (2014), in the 
design considerations for the future engines, there will be no need for a vertical tail 
because these engines will have no risk to fail. The aircraft manufacturer also points out 
that the electrical system of this aircraft will possess self-monitoring characteristics. This 
will enable the system to identify and diagnose any faults and also timeously schedule the 
required maintenance automatically. The electronics and other systems in this aircraft will 
require minimal maintenance if any because these systems will be self-sufficient. 
 
One competitor to Airbus and what is arguably the leading aircraft manufacturer in the 
world, Boeing Aircraft Company, launched a new series of aircraft in 2004 (first flight in 
2009) called the Boeing 787 Dreamliner (Figure 5). In contrast to the Airbus‘ Vision 2050, 
this leading manufacturing giant believes that the company is already manufacturing 
aircraft of the future. In motivating this statement, Boeing (2014) writes: ―The 787 family 
(787-8, 787-9 and the expected 787-10) provides airlines with unmatched fuel efficiency, 
resulting in exceptional environmental performance. The airplane uses 20 percent less fuel 
than today's similarly sized airplanes. The 787 also travels at a similar speed as today's 
fastest twin-aisle airplanes, Mach 0.85. Airlines also realise more cargo revenue capacity - 
a 20 to 45 percent advantage over similarly sized airplanes. Passengers also enjoy 
improvements on the 787 Dreamliner, from an interior environment with higher humidity to 
more comfort and convenience. The key to the exceptional performance of the 787 
Dreamliner is its suite of new technologies and its revolutionary design. Composite 
materials make up 50 percent of the primary structure of the 787, including the fuselage 
and wing. At the heart of the 787 design is a modern systems architecture that is simpler, 
more functional and more efficient than that of other airplanes. For example, on-board 
health-monitoring systems allow the airplane to self-monitor and report systems 
maintenance requirements to ground-based computer systems‖. 
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Figure 6: Boeing 787 Dreamliner (Source: Boeing) 
 
Boeing (2014) further promotes the 787 range by stating that: ―Advances in engine 
technology are the biggest contributor to overall fuel efficiency improvements on the 
Dreamliner. The 787 features new engines from General Electric and Rolls-Royce that 
represent nearly a two-generation jump in technology. The design and build process of the 
787 has added further efficiency gains. Boeing and its supplier partners developed new 
technologies and processes to enhance efficiency. For example, manufacturing the 787 
fuselage as one-piece sections eliminated 1,500 aluminium sheets and 40,000 - 50,000 
fasteners per section. Boeing launched the 787 program in April 2004 with a record order 
from All-Nippon Airways. Sixty customers from six continents of the world have placed 
orders for more than 1000 airplanes valued at more than $240 billion, making it the most 
successful twin-aisle launch of a new commercial airplane in Boeing's history‖. At the time 
the 787 Dreamliner took to the skies, the Senior Vice President at Boeing Commercial 
Aviation Services stated that: ―The 787 is truly a 21st century airplane, from its advanced 
technologies to the way it creates a new, redefined passenger experience. The 
spaciousness of the cabin, larger windows, cleaner air, and smoother ride will create a 
more comfortable and relaxing flight. The extensive use of composites, advanced systems 
and aerodynamics, and breakthroughs in engine technology give the airplane significant 
advantages in efficiency and performance. The 787 will transform the economics of flight 
including a 30 percent reduction in maintenance and it will help contribute to a cleaner 
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environment. The 787 is the first airplane for the new century, and it represents the way 
airplanes will be made for the next 75 to 80 years‖.  
 
Questions have also been raised in the past regarding the resurgence of supersonic 
aircraft in the aviation space despite the commercial failure of supersonic jets (Swadling, 
1993; Barbaux et al., 1995; Drake and Purvis, 2001). What immediately comes to many 
minds with the mention of the phrase ―supersonic aircraft‖ or SST (Supersonic Transport) 
is the revolutionary Concorde aircraft (Figure 6). Unfortunately, this supersonic jet‘s tenure 
came to an end in 2003 after a catastrophic Air France crash killed all people on-board, 
which took place in 2000 in Paris, France. Reidy (2008) maintains that Concorde did not 
have a prosperous tenure while it was in operation for approximately 30 years. There were 
a lot of criticisms regarding the extreme noise levels caused by this aircraft as well as the 
related high maintenance costs. It is reported in the same work that the US space agency, 
NASA has begun some research of supersonic jets and this might lead to these machines 
returning to service around year 2033, as approximated by this research. Other companies 
that make up the team working on this project are GE, Boeing and Lockheed Martin. 
These companies are mostly focusing on research of technologies that will improve the 
Concorde‘s performance and environmental challenges.  
 
 
Figure 7: Concorde (Source: Concordesst.com) 
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The acting director of NASA‘s fundamental aeronautics programme, Ajay Misra, in the 
aforementioned article labels the challenges with supersonic aircraft as those relating to 
environmental and economic difficulties. He further states: ―The main environmental 
problem with Concorde was the incredible noise the sonic boom made as the aircraft 
broke through the sound barrier. The aircraft was developed to travel mainly over the sea, 
but its flights into the coastal city of New York created so much noise that they were 
banned for some time. As a result, NASA is hoping to develop technology that would allow 
supersonic aircraft to travel coast to coast and overland without causing unacceptable 
noise pollution. This will involve researching various shaping technologies, such as the use 
of an extendable nose spike to reduce the sonic boom signature. The agency will also be 
researching lightweight materials and advanced structural concepts such as the use of 
polymer and ceramic composites for engines, fuselage and wings. The use of these 
lightweight materials has the added effect of helping with fuel efficiency and could make 
supersonic aircraft more economical. In order to reduce weight significantly, research will 
also cover alternatives to Concorde‘s famous mechanical droop nose. The droop nose 
could be moved up and down to improve aerodynamics and visibility during landings. 
However, besides being costly to manufacture, maintain and operate, the nose also made 
the aircraft very heavy. Alternatives to the droop nose could include using ―synthetic 
vision‖ technology that could eliminate the forward facing cockpit windows. This 
technology could consist of a group of sensors and imaging systems that would feed 
cockpit displays with high resolution imagery and computer graphics. Technology can, 
quite literally, take aviation to new heights and speeds, but could it successfully bring us 
quiet and cost-effective supersonic aircraft?‖ (Reidy, 2008).  
 
The question that has been asked for a while in the airline business is one that 
interrogates the feasibility of employing Unmanned Aircraft Systems and related 
technologies in the passenger carrying aircraft business. In an effort to respond to this 
question, IATA (2011) predicts that by 2050, aircraft that carries passengers will continue 
to utilise pilots irrespective of the advanced automation levels and decision making 
demonstrated by UASs. Long haul flights without passengers (all cargo flights) by UASs 
will be internationally co-ordinated by the RFMUs (Radio Frequency Monitoring Units) and 
operate within shared airspace during low-demand periods. Disrupted journeys will be 
managed by using landing zones that are available near fully-utilised airports. 
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Advancements in automation will enable additional effectiveness through automatically 
controlled aeroplanes. IATA (2011) is of the view that such aircraft will only be used for all-
cargo operations, at least up until 2050, though pilotless aircraft through the application of 
UAS technologies will exist. Whether or not the aforementioned prediction will be true, it 
remains to be seen. 
 
3.4 UNMANNED AIRCRAFT SYSTEMS IN 2025 
Unmanned Aircraft Systems are a part of a bigger and broader cluster known as 
Unmanned Vehicles as defined by AUVSI (Association for Unmanned Vehicles Systems 
International). Bloss (2007) gives a brief description of three broad categories of 
Unmanned Vehicles namely; Unmanned Aircraft Systems (UASs), Unmanned Ground-
based Vehicles (UGV) and Unmanned Sea-based Vehicles (USVs). UASs include 
propeller and jet powered airplanes, both regular and vertical take-off, helicopters and 
even lighter than air ships. Aircraft range in size from units you can hold in one hand to 
planes or helicopters that could carry one or more persons if they were manned. UGVs 
include wheeled and tractor drive cars, trucks, armored vehicles, bomb retrieval units and 
low profile under vehicle surveillance devices. These vehicles range from miniature units 
that one could literally pick up by one hand to as big as battlefield tanks. USVs comprise of 
surface crafts and vehicles deployed underwater normally used for weaponry deployment 
and surveillance. Undersea crafts are the smallest, which are approximately a meter in 
length and eight centimeters in diameter, cylindrical in shape and launchable by one 
individual. The biggest undersea vehicle is approximately 91 cm in diameter. Unmanned 
surface vessels are as big as unmanned speedboats. 
 
Unmanned Aircraft Systems have been employed for a number of military applications 
since World War I, where they were usually used for target practice. The first widely used 
application of UASs was by the US during the war in Vietnam. In the late 1970‘s and early 
1980‘s spending on UASs was reduced because of the emergence of spy satellites. This 
changed when Israel started to use UASs during operations in Lebanon. Since then, UASs 
have mostly been used for reconnaissance, forward air observation for artillery and as 
target practice drones. More recently UASs have carried out deep strike missions, where 
precision guided bombs and missiles are dropped deep inside hostile territory. As such, 
they were used effectively in the war in Afghanistan and Iraq. It is foreseen that UAS 
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technology will increasingly be used for tasks that are dull, dirty and dangerous and the 
potential uses of UASs for civilian operations have increased due to the enabling 
technology becoming more affordable. Other benefits of UASs include the ability for some 
to be invisible and inaudible at low heights above the ground and the ability for some to 
operate from unprepared surfaces (Ingham, 2008). Dull, dirty and dangerous is described 
by the DOD (2013) as follows: Firstly, ―Dull missions are ideal for unmanned systems 
because they involve long duration undertakings with mundane tasks that are ill suited for 
manned systems. Good examples are surveillance missions that involve prolonged 
observations. Unmanned systems currently fulfill a wide variety of ―dull‖ mission sets, and 
the number will increase in all domains as unmanned systems capabilities improve‖; 
secondly, ―Dirty missions have the potential to unnecessarily expose personnel to 
hazardous conditions. A primary example is chemical, biological, and nuclear detection 
missions. Unmanned systems can perform these dirty missions with less risk exposure to 
the operators‖; lastly, ―Dangerous missions involve high risk. With advances in capabilities 
in performance and automation, unmanned systems will reduce the risk exposure to 
personnel by increasingly fulfilling capabilities that are inherently dangerous‖. 
 
Unmanned Aircraft Systems have seemingly been in operation for a very long time. 
According to Chao, Cao and Chen (2010), the first UAS ever used is the Q-2 
manufactured by Ryan Aeronautical and used to fly around the 1950‘s doing 
reconnaissance work for the military. However, Villasenor (2014) argues that the earliest 
work on unmanned aircraft predates the Wright Brothers‘ 1903 demonstration of 
sustained, powered, heavier-than-air flight. The author posits that, in the mid-1800s, for 
instance, there were several successful flights of steam-powered unmanned helicopters. 
What comes through in research is that the majority of early UASs were developed for 
military applications. Chao, Cao and Chen (2010) maintain that it is difficult to use UASs 
for civilian work because they are expensive to develop and maintain. However, since the 
1990s, the emergence of high power density batteries (Lithium-Ion and Lithium-Polymer), 
miniaturised equipment and wireless network devices makes small UASs affordable to 
researchers and even for hobbyists.  
 
Research has shown that unmanned aircraft are so intricate that the industry is still battling 
to find a suitable title for these machines. Many titles have been given to these 
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autonomous machines, however strides are made to fully understand them (Hayhurst et 
al., 2006; FAA, 2013; ERSG, 2013; ICAO, 2013). In an effort to streamline terminology 
with the RTCA and EUROCAE agreements, ICAO has declared the term UAV obsolete in 
its ICAO Circular 328, Unmanned Aircraft Systems (UAS) released in 2011 and introduced 
the term UAS to describe these autonomous machines. The two aforementioned 
organisations play a critical role in facilitating efforts between governments i.e. Civil 
Aviation Authorities (CAAs) and the private sector in developing aviation standards 
intended to make aviation safer and more advanced. Trying to explain the use of the term, 
the FAA (2013) states: ―The term UAS is now used to emphasise the fact that separate 
system components are required to support airborne operations without a pilot on-board 
the aircraft. Early UAS operations received little attention from the FAA and its 
predecessor agencies due to the infrequency of operations, which were mostly conducted 
in remote locations or in special use of airspace and were not deemed to impact the safety 
of the NAS. In the past two decades, the number of unmanned aircraft operations has 
been increasing dramatically, highlighting the need for a structured approach for safe and 
efficient integration‖.  
 
Our skies could one day be dotted with unmanned craft that shift around intelligently to 
avoid colliding with each other or with regular aircraft. They could be beaming information 
back to terrestrial control stations about real time incidents such as forest fires or volcanic 
eruptions. These machines might even communicate with each other to plan military 
exercises or simply keep an eye on agricultural crops (Kochan, 2005). In order to elucidate 
this portrayed picture; Marren (2004) describes a possible future with regards to 
Unmanned Aircraft Systems. The author starts by applying Moore‘s law to a Black Widow 
(Figure 7), which was once the world‘s smallest UAS measuring 15cm in length. This craft 
can fly for approximately half an hour and transfer live colour video to the ground via its on 
board camera. In applying Moore‘s law, the Black Widow could, for example be three 
centimeters long in 18 months. In three years, a centimeter and a half long. In six years, it 
could be three-eighths of a centimeter long. In 12 years, this aircraft could be barely two 
hundredths of a centimeter long, which is the size of a small insect. Following this, the 
Black Widow could become more or less invisible. The author argues by stating that: 
―While Moore‘s law is scaling down the size of UASs, biotechnology will be working on the 
DNA, anatomy, aerodynamics and maybe even the brains of fruit flies, mosquitoes and 
tiny animals and applying them to the descendent of the Black Widow. On the other hand, 
T. Marope : 212458485     
P a g e  | 48 
 
nanotechnology will be developing all along and making possible all sorts of interactions 
between the hard world of IT and physics and the soft world of biology and blurring the 
boundaries between them, as well as making things very, very small. The interaction 
between the rapidly advancing fields of information technology, biotechnology, 
nanotechnology, and networked communications make such a dream/nightmare scenario 
quite plausible within the lifetimes of many of the people reading this‖. The question posed 
by this research is: ―Could this future be conceivable in or around 2025?‖ 
 
 
Figure 8: The Black Widow (Source: Google) 
 
Frey (2014) brings to light two disruptive technologies said to unsettle the aviation industry 
in the foreseeable future. These technologies are frictionless vehicles and binary power. 
There seems to be a notion that technology in transportation is not progressing as fast as 
other fields like information technology, biotechnology and nanotechnology despite the 
enthusiastic predictions highlighted earlier. However, the two technologies mentioned are 
said to change this situation. Freedom and control are known to be the two main sources 
that have an impact on humanity. For any automotive technology to succeed, freedom and 
control of individuals have to be fully satisfied otherwise the technologies will not prosper. 
The future of transportation heavily relies on service providers and business understanding 
the freedom and control offered by their products and/or services. The current 
transportation systems still restricts people by forcing them to drive on the ground, in 
restricted zones and if people do not follow these restrictions, they will get punished in the 
form of traffic fines or in worst cases face jail terms. 
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Frey (2014) predicts that the frictionless vehicle will ultimately hit the commercial market 
by 2030. This technology is said to take over the automotive scene and ultimately the 
flying space the same way the digital realm replaced analog technology in the information 
technology arena. The author posits that flying cars are going to be the order of the day, 
and with the fully automated capabilities where one can just dial or say a command to 
select a destination, this form of transportation will become popular. Society will get used 
to this because this technology offers absolute freedom and control. Business is also 
tipped to make this a big deal by taking advantage of the imminent opportunities provided 
by this technology. More customers will be created, as business will be able to sell these 
vehicles to the elderly, families who have children that are too young to drive or get a 
licence and the disabled people. According to Frey (2014), the flying car era will really 
begin around 2015 with flying drones. Flying drones will be used by FedEx and UPS to 
deliver packages, Pizza Hut to deliver pizzas, and Kroger and Safeway to deliver 
groceries. But beyond that, drones will enable homes to be taken off the grid with delivery 
of water and electricity (changing out batteries for the home), trash and sewage pickup, 
and much more. These too will begin as air-powered vehicles and later convert to 
frictionless drones.  
 
Many more organisations have also shown tremendous interest in the application of flying 
drones in enhancing their operations. According to Defenceweb (2014), the Amazon Chief 
Executive Officer Jeff Bezos announced that the company is currently testing delivering 
packages using small helicopter drones. This program named PrimeAir could be launched 
by 2018. According to CNNMoney (2014), Google is in the process of acquiring a long-
range solar powered drone maker, Titan Aerospace in an effort to deliver internet to 
remote areas of the globe. In the same article, it has been reported that Facebook has 
also acquired a UK based start-up company that makes solar powered drones called 
Ascenta. In the US, the Los Angeles County Sheriff‘s Department once evaluated 
replacing manned helicopters with a portable unmanned drone for tasks such as searching 
for lost hikers or missing children, surveying fire zones and chasing suspects fleeing on 
foot (Hayhurst et al., 2006). Reuters (2014) reported that the logistics firm DHL is using a 
drone to fly parcels to the German island of Juist, in what has been claimed as the first 
time an unmanned aircraft has been authorised to deliver goods in Europe. Reuters (2014) 
states: ―Its drone known as the ―parcelcopter‖ can fly at up to 65 km (40 miles) an hour. It 
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delivers medication and other urgently needed goods to the car-free island of Juist, off 
Germany‘s northern coast, at times when other modes of transport such as flights or 
ferries are not operating. If the trial is successful, the craft could be used to deliver such 
packages to other remote areas or in emergencies. However, critics of delivery drones 
have raised concerns over the privacy and whether the technology is safe, saying drones 
could hit other aircraft or even people. For the Juist project, Deutsche Post has received 
permission from the German transport ministry and air traffic control authority for a 
restricted flight area that will be used only by its parcelcopter. The drone will reportedly not 
fly over any houses‖. This craft, shown in Figure 8, has a total of four rotors, weight of 
approximately 5 kg and can transport loads of up to 1.2 kg. Its flight is completely 
automated, although it will be monitored from the ground and, depending on weather 
conditions, the 12 km trip to Juist will take 15-30 minutes. 
 
 
Figure 9: Parcelcopter from DHL (Source: Reuters) 
 
The South African public has recently witnessed one of the highest profiled murder trials 
involving a well-known local hero, Oscar Pistorius. During the trial, the social media was 
also inundated with tons of comments. However, some reporters and the general public 
were also intrigued by the usage of drones that were seen flying over the court area where 
the trial was taking place (News24, 2014). Figure 9 shows a drone that was captured 
above the Pretoria High Court when the trial was about to start. Unfortunately the report 
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does not indicate what application was the drone performing, for example; was the craft 
equipped with surveillance cameras? Swart (2014) maintains that drones are soon 
becoming a part of our lives because of the many possible applications that these 
machines can perform. Drones can be used in a variety of applications, from package 
delivery to aerial photography and 3D mapping. What is important is that, drones may 
make it cheaper and easier to carry out tasks (Swart, 2014). 
 
 
Figure 10: Drone flying over the Pretoria High Court (Source: Twitter) 
 
According to UAV Roundup (2013) there is a growing demand for the UAV/UAS usage in 
many applications that include: monitoring crops, wildlife, forest fires, and traffic, as well as 
remote-area delivery of medicine, aerial news and sports photography, TV and movie 
production. Bergenas, Stohl and Georgieff (2013) suggest that the use of UASs could go a 
long way in curbing illegal rhinoceros poaching in Africa. The authors write: ―Managing 
skyrocketing levels of rhinoceros and elephant poaching in Africa is one of many 
contemporary transnational challenges where surveillance drones can play a critical role‖. 
In the same work, the president of the World Wildlife Fund (WWF) was quoted as calling 
for more ―real-time data on the animals, real-time data on the poachers and then a 
software system that enables us to mobilise people to get to the right place at the right 
time‖. Drones increase surveillance capacity and, used together with other law 
enforcement techniques, deter poachers (Bergenas, Stohl and Georgieff, 2013). 
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3.5 TECHNOLOGY 
The use of technology plays an important role in the operation of any aircraft, whether 
manned or unmanned and most of these technologies are similar in a number of ways. 
However, constructing the regulatory framework for these different machines needs to take 
different directions (ICAO, 2013). In clarifying the impact of implementing regulations for 
UASs, this organisation writes: ―All aircraft, whether manned or unmanned, share a large 
degree of commonality with regard to airworthiness. A majority of UAS assessments will 
likely rely on what is already prescribed for manned aviation. Interestingly, the small 
numbers of areas unique to UAS that are not addressed in current ICAO documents are 
more critical because of the potential magnitude of their impact. Reviews of these areas 
will likely result in dramatic changes to technology growth, international infrastructures, 
regulations and standards, and operational procedures‖. Based on this view, this research 
suspects that, the development of unmanned aircraft regulations will possibly take longer 
than most people realise due to the complexity of involved. 
 
The FAA (2013) is also another entity that is in congruence with the views posed by ICAO. 
This authority recognises that, when UAS technologies were developed, they were meant 
for UAS applications only and considerations or foresight was not provided to see that 
these technologies become relevant to the current airworthiness standards. It is not a 
surprise that the civil aviation regulations that are currently used by the global aviation 
industry do not cater for UAS operations. Aviation has not being exposed to UASs used in 
the civilian airspace. Therefore, specific areas such as material properties, structural 
design standards, system reliability standards, and other minimum performance 
requirements for basic UAS design need to be evaluated first against civil airworthiness 
standards for existing aircraft before any regulatory recommendations are made. The FAA 
(2013) advocates for further research in fully understanding the impact of UAS operations 
in the civilian airspace, however, the authority acknowledges the substantial technology 
advancements experienced by the unmanned aircraft industry. The authority further states: 
―Existing standards ensure safe operation by pilots actually on board the aircraft. These 
standards may not translate well to UAS designs where pilots are remotely located off the 
aircraft. Removing the pilot from the aircraft creates a series of performance 
considerations between manned and unmanned aircraft that need to be fully researched 
and understood to determine acceptability and potential impact on safe operations in the 
T. Marope : 212458485     
P a g e  | 53 
 
NAS. Therefore, it is necessary to develop new or revised regulations/ procedures and 
operational concepts, formulate standards, and promote technological development that 
will enable manned and unmanned aircraft to operate cohesively in the same airspace‖. 
Areas of technology advancements and/or challenges are dealt with in detail in the section 
to follow. 
 
3.5.1 Conflict/Collision avoidance technology 
It is known that the main reason for UASs not to be integrated or for the process of 
integration into the NAS to be slow is the perceived incapacity that UASs have displayed in 
preventing airborne collisions with other aircraft or even stationary objects, referred to as 
―Sense and Avoid‖(SAA) capability by the FAA. In order for unmanned and manned 
aircraft to operate in an integrated manner in the civil and military realms, collision 
detection and/or avoidance (SAA) have to be completely incorporated in the machines and 
most importantly proven. For civilian operations that are also on a commercial basis, this 
requirement is expected to be even stricter (Albaker and Rahim, 2010). ICAO (2013) 
attempts to provide guidance in this regard; the organisation writes: ―The benefits of UAS 
to conduct visual surveillance/observation missions, which typically occur in visual 
meteorological conditions (VMC), are far more challenging due to the need to avoid 
collisions without the benefit of separation service provided by ATC. Activities as diverse 
as gliding, ballooning, parachuting, leisure flying, military training and law enforcement 
operations are likely to occur under the same conditions. Technology to support the pilot in 
meeting the collision avoidance responsibilities is not yet in place; hence the civil market 
for UAS operating outside controlled airspace could possibly be the slowest to evolve‖.  
 
According to EASA – European Aviation Safety Agency (2011), two operational scenarios 
are envisaged. In Visual Line of Sight (VLOS), as depicted in Figure 10, the UAS and the 
surrounding airspace is visible from the position of the ground crew. The latter is therefore 
responsible for ―see and avoid‖ similarly to manned aircraft. Neither automation is 
necessary on board, nor is a quantitative definition of ―well clear‖ required. These 
operations, typically with UASs well below 150 Kg, are already becoming popular. Of 
course VLOS operations are not only limited by visibility, but also by range (typically 400 ft. 
of maximum height and 500 m of maximum distance from crew) in order to take into 
account the perception capabilities of the human eyes. To go Beyond VLOS (i.e. BVLOS) 
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it is necessary to rely on on-board sensors and systems for ―detect and avoid‖ (D&A) as 
well as the capability to establish communications with ATC, including any alternate 
means of communications. 
 
 
Figure 11: Visual Line Of Sight (Source: ICAO) 
 
The FAA (2013) describes the SAA capability as one that: ―Must provide for self-
separation and ultimately for collision avoidance protection between UAS and other aircraft 
analogous to the ‗see and avoid‘ operation of manned aircraft that meets an acceptable 
level of safety. SAA technology development is immature. In manned flight, "See and 
Avoid", radar, visual sighting, separation standards, proven technologies and procedures, 
and well-defined pilot behaviours combine to ensure safe operation. Unmanned flight will 
require new or revised operational rules to regulate the use of SAA systems as an 
alternate method to comply with ―see and avoid‖ operational rules currently required of 
manned aircraft. SAA system standards must be developed to assure both self-separation 
and collision avoidance capability for UAS. Interoperability constraints must also be 
defined for safe and secure interactions between SAA-enabled UAS and other airborne 
and ground-based collision avoidance systems. While SAA may be an independent 
system, it must be designed to be compatible across other modes (e.g., ATC separation 
services)‖.  
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A number of researchers (Albaker and Rahim, 2010; Connolly, 2007; Asmat et al., 2006) 
have investigated various ways to counteract the collision avoidance challenges in UAS 
operations. Albaker and Rahim (2010) state: ―These methods have been developed not 
only for aerospace, but also for ground vehicles, robotics, and maritime applications. That 
is because the fundamental collision avoidance issues are almost similar across different 
transportation systems‖. The authors considered five design factors in developing a 
collision avoidance system suitable for UAS operations. Firstly, the UAS has to possess a 
sensing mechanism that provides traffic information about the surrounding environment 
around the craft. Secondly, the UAS should display the ability to detect and be aware of 
conflict situations. This ability is enabled by the approximation of future positions assumed 
by other UASs and being able to apply predefined metrics (e.g. time, distance, cost, etc.) 
on the conflict situation to resolve if the possible conflict exists. Thirdly, the unmanned 
aircraft has to be able to choose escape routes that generate a conflict resolution. The 
fourth design factor considered is maneuver dimension. This refers to the combination of 
actions by all aircraft in the vicinity in avoiding a conflict/collision. Issues such as 
coordinated and uncoordinated maneuvers need to be addressed at this stage.  The fifth 
design factor covers all other factors not dealt with in the first four factors. Questions that 
could be asked in this instant could include the following; does this maneuver work on 
multi aircraft? Is there a maximum packing density where maneuvers no longer work and 
is it dependent on aircraft type or separation criteria? 
 
3.5.2 Accountability and Autonomy 
YueChao and JinGuo (2012) describe the autonomy of unmanned systems as the 
performance achieved by these machines when they use their hardware and software 
platforms to complete a given mission in a dynamic and unstructured environment, in 
terms of mission success and efficiency, through self-awareness and analysis of their 
situation, self-learning and self-decision making, while minimising human involvement. 
Autonomy is comprehensively determined by the key technologies that determine the 
ability of the system to realise the afore-mentioned behaviours. According to Ingham 
(2008), several UASs have already displayed the capacity to complete missions 
autonomously from start to shutdown with all the necessary information such as navigation 
waypoints downloaded prior to launch. At this point in time, most UASs will however 
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require a human in the loop to execute some of the operations. The purpose of the human 
in the loop can range from directly controlling the aircraft via remote control, to higher level 
functions such as mission planning, navigation or voice communications with ATC, or 
merely monitoring, pressing a termination button, and accepting responsibility for decisions 
taken. The human element brings about situational awareness. McAree and Chen (2013) 
describe situation awareness as the human function of perceiving, comprehending and 
projecting the state of the environment which is of critical importance to the safe operation 
of any aircraft. A highly autonomous UAS must replicate this behaviour in order to maintain 
an acceptable level of safety versus a manned aircraft. 
 
Ingham (2008) maintains that based on the difficulty of integrating UASs into existing 
airspace, it will always be necessary to have a human in the loop until the technology has 
been developed to take over all the human functions. Since manned aircraft may be 
certified to fly with an autopilot, UASs should have no problem being certified to be able to 
fly en-route using much the same manned aircraft autopilot regulations, provided that all 
other issues, including detect and avoid, and control authority restrictions are resolved. 
Take-off and landings from busy airports will require more human interaction between 
ATC, other aircraft and the UAS pilot, and will therefore probably initially result in most 
UAS designs being remotely piloted. The long term goal would be to certify UASs for 
autonomous take-off through landing. At present, only a few UASs have successfully 
demonstrated full autonomy. Full autonomous take-off and landing will reduce risks 
associated with pilot induced loss of control, communications/data link loss, etc. This will 
require a far greater degree of design integrity. The technology is however available, and it 
will be a matter of time before most UASs will at least have the capability of autonomous 
take-off from and landing at controlled airfields. Certification and regulatory requirements 
would have to be in place in order for this to occur. The author is of the view that most of 
the technology required to automate many of the UAS‘s functions is available, therefore 
the challenge is deemed to be less technical and more of a legal challenge relating to who 
will accept responsibility in the event of a failure of the automatic systems 
 
3.5.3 Flight termination and contingencies 
When a manned aircraft experiences problems, it is often required that the aircraft must 
divert to the closest airfield, announce the emergency, and execute an emergency landing. 
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In the case of Unmanned Aircraft Systems, the procedure becomes more difficult if the 
specific airfield is far from the ground station and is unknown to the pilot and not 
programmed into the UAS database (Ingham, 2008). Since many of the proposed 
missions for civilian UASs will involve flying over populated areas and in airspace occupied 
by manned aircraft, Mejias and Eng (2013) argue that policy makers are conscious of the 
repercussions that a major UAS accident could have on public acceptance of this 
technology. The authors describe the ability to perform autonomous emergency (forced) 
landings as one of the key technology enablers identified for UAS. A forced landing is an 
unscheduled event in flight requiring an emergency landing, and is most commonly 
attributed to engine failure, failure of avionics or adverse weather. 
 
3.5.4 Data link integrity 
The required level of data link integrity will in part be dependent on the level of autonomy. 
UASs relying on a high level of ground based human control will require a secure and 
redundant data link in order to counter the threat of intentional and non-intentional attacks 
on system integrity. Countering intentional and non-intentional attacks must become part 
of the design and should include testing for EMC, EMI, HIRF and loss of signal control 
logic. Fully autonomous UASs will however require on-board fault diagnostics, proven 
contingency logic, and autonomous detect and avoid systems. As computer processors 
become faster and more powerful, on-board processors could replace many processing 
functions that presently require data links (Ingham, 2008).  
 
3.5.5 Air Traffic Management 
The airspace is currently dominated by manned aircraft and is managed in most countries 
in accordance with the civil aviation regulations of the sovereign states. Since manned 
aircraft have been operating in the airspace for a very long time, it would be advisable that 
a patient and prudent approach be taken in an effort to integrate UASs into the national 
airspace system. This approach would more likely create the least disruption and risk to 
human life. Research would be required in order to determine the feasibility of gradually 
increasing the frequency of UAS operations into the national air space or to create 
separate UAS operating areas and to gradually merge the two (Ingham, 2008). The author 
is of the view that for South Africa to create a completely new system where manned and 
unmanned aircraft operate together from the beginning, the country needs to gather 
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information first. The concerned authorities and institutions need to come up with operating 
procedures of UASs in airspace using separate ―pilot project airfields‖ and then to slowly 
integrate UASs into the national airspace as the confidence in their operations builds. At 
the same time, the current air traffic management regulations and procedures will have to 
be reviewed in order to accommodate UASs. The United States (US) has recently 
displayed an effort to show commitment in the plan to eventually integrate UASs in the 
commercial US airspace. The FAA has granted the University of Alaska endorsement to 
begin flights of unmanned aircraft as part of its research into integrating drones into the 
U.S commercial airspace (CNN, 2014; KSLTV, 2014). According to these reports, the 
University of Alaska is one of the six locations that were chosen by the FAA to conduct 
these experimental undertakings. The six locations have reportedly been picked to give 
the FAA a wide range of geography, climate, infrastructure and airspace use to pursue 
research into challenges of integrating UASs into US airspace. 
 
3.5.6 Ground station designs and requirements 
Ingham (2008) posits that, in manned aircraft, a lot of attention is given to regulations that 
govern the cockpit design and ergonomics. In removing the human from the aircraft, some 
of these requirements will no longer be relevant to the air vehicle, and new requirements 
will need to be created in order to regulate the design of the ground station. Many of the 
manned aircraft regulations were introduced to reduce workload of the pilot, so that the 
duties of the pilot could be executed safely and effectively. These requirements remain the 
same for UASs. The advantage of a ground station is that weight and size are no longer 
limiting factors. ICAO (2011) highlights a few factors that need to be considered in the 
design for these remote pilot stations. ICAO (2011) states: ―Firstly, the remote pilot 
stations will require regulatory oversight as do other safety-critical elements of the aviation 
system. Details of how this will be achieved by different sovereign authorities are still to be 
determined. Secondly, it is known that traditional operational positions for manned aviation 
are confined to a single cockpit environment. Moreover, the presence of the flight crew 
within the airframe plays an integral role in the overall certification of the aircraft and 
development of flight procedures. By removing the cockpit environment from the aircraft, 
interactions between the remote crew and their operational positions will pose new 
complexities, the extent of which is not yet identified. Therefore, flight procedures will have 
to be amended to accommodate this scenario. Thirdly, airworthiness and certification 
considerations require many airborne systems to be provided in a redundant configuration 
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for manned aircraft. Achieving a similar level of redundancy for UASs involves the UAS, 
remote pilot station and the connecting C2 data links. For UASs, all systems and their 
constituent components may necessitate the same degree of redundancy or greater than 
those in manned aircraft. This is still subject to further research. Likewise, many supporting 
systems will require a similar or greater level of redundancy, one example being flight 
recorders, which might be required for both the UAS and the remote pilot station‖. 
 
ICAO (2011) also points out that the regulatory standards to provide guidance for the 
remote pilot stations are not yet drafted. Therefore, this regulatory guidance body as well 
as various CAAs across the world are presented with new challenges and opportunities in 
coming up with the structure to determine, amongst other critical things, how the Type 
Certification (TC) of the UAS is established. A Type Certification is generally known as the 
approval for a specific aircraft type that it conforms to a design approval process and can 
be issued a Certificate of Airworthiness (C of A). ICAO writes: ―New designs and standards 
will need to be developed to support functions, such as assuring the dedication of the data 
link connecting the remote pilot station to the aircraft, and the ability to handover the data 
link between remote pilot stations. In the case of UASs, the link between the remote pilot 
and ATC may comprise a link between ATC and the UAS and a link between the UAS and 
the remote pilot station along with many more. Situations like these will involve technology 
and equipment not traditionally assessed in the current airworthiness process i.e. manned 
aircraft platform‖.  
 
3.5.7 Continued airworthiness, maintenance and system monitoring 
During manned aircraft missions, the pilot or flight engineer would usually monitor the on 
board systems, and take action in the event of a failure. Because the UAV operator 
resides on the ground, the system information either needs to be transmitted to the ground 
or an on-board decision making process needs to be in place. Furthermore, because of 
the ability for UAVs to execute extended missions longer than those of manned aircraft, 
continued airworthiness and maintenance of these systems would be different from aircraft 
operating for shorter periods of time. Developments in health monitoring systems will be 
required in order to monitor and rectify faults in on-board systems so as to identify and 
prevent any failure that could result in the loss of the UAV during extended missions 
(Ingham, 2008).  
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3.5.8 Energy and Fuel 
An apt use of energy, particularly fuel is an aspect of the aviation industry that cannot be 
overemphasised.  Masbi (2013) reports that: ―Each year, over 20 billion gallons of jet fuel 
are required to support both the U.S commercial aviation industry and the U.S military. 
From 2001 to 2012, the price of crude oil increased by 262%, now accounting for nearly 
40% of an airline‘s total operating costs. On a global level, aviation produces only 2% of 
man-made carbon dioxide. Forecasted growth in demand for air services globally is 
expected to increase over the next 20 years. The aviation industry is relying on 
improvements in aircraft and engines, infrastructure, and biofuels to achieve sustainable 
growth. Commercial aviation has proactively established industry commitments on climate 
change and is actively engaged with ICAO to achieve this‖. The views expressed in the 
aforementioned report are supported by the UN (2014). According to Mazraati and Faquih 
(2008), the aviation sector‘s contribution to the world economy is 8 per cent, while using 
5.8 per cent of total world oil demand. Within the transportation sector, aviation consumes 
about 12.7 per cent of the total oil demanded by the transportation sector, with a growth 
rate of 2.32 per cent per annum in recent years, confirming the importance of aviation in 
the future energy market and economy.  
 
With the increase of fuel prices, combined with the growth of political and environmental 
concerns, and the current economic downturn, it is imperative to develop clean and energy 
efficient technologies for producing sustainable products of fuels (Pereira, Fontes and 
Coelho, 2014). On 1st February 2008, an Airbus A380 successfully completed the world‘s 
first ever flight by a commercial aircraft using a liquid fuel processed from gas (gas to 
liquids or GTL). The A380 was chosen because it is already the environmental benchmark 
in air travel. The aircraft has four engines including segregated fuel tanks making it ideal 
for engine shut down and relight tests under standard evaluation conditions (TWA, 2008). 
In the same work, GTL has been described as an attractively characterised fuel for local 
air quality, as well as some benefits in terms of aircraft fuel burn relative to existing jet fuel. 
For example, GTL is virtually free of sulphur. Additionally, synthetic fuel can be made from 
a range of hydrocarbon source material including natural gas or organic plant matter made 
by a process called Fischer-Tropsch. South Africa is said to be one of the front runners 
when it comes to GTL technology as the country has been involved in the production 
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processes associated with GTL since the early 1990‘s when PetroSA‘s GTL refinery was 
commissioned in Mossel Bay.  
 
Renewable energy has also received some attention in recent times. Two Swiss pilots, 
Bertrand Piccard and Andre Borschberg, have reportedly (Atkin, 2014) designed an 
aeroplane that uses only solar and battery power to fly, called the Solar Impulse 2 plane 
(Figure 11). The team is planning to fly this aircraft for five days in succession using only 
power generated from the sun by shining on the photovoltaic panel across its wing. The 
flight is said to take place in March 2015. ―The solar power generated during the day will 
be stored in 2077-pound batteries to power the Solar Impulse 2′s night flight. The batteries 
make up most of the plane‘s weight, which is about 5,000 lbs., or about the same as a car. 
The Solar Impulse 2 also carries only one passenger, and that passenger cannot weigh 
more than a certain amount. The Solar Impulse 2 is also comparatively much slower than 
other planes, and even some cars. The aircraft‘s maximum speed is 87 miles per hour, 
meaning it will have to stay in the air for several days in a row during long transoceanic 
legs. Night-time flight is also slower than daytime flight, a way to conserve power. In case 
of an emergency, the pilot seat has an integrated parachute and a life raft‖ (Atkin, 2014). 
 
 
Figure 12: Solar Impulse 2 (Source: Jean Revillard for Solar Impulse 2 via AP Image) 
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There are a few limitations that affect the Solar Impulse 2 and this provides challenges to 
the project regarding its commercial viability. However, the designers are of the view that 
the project will have to change mindsets if it is to become a success. The pilot has 
reportedly stated that: ―What we really wanted to demonstrate is how many incredible 
things we can make with renewable energies, with clean technologies, because so often 
we believe that clean technologies is a limit, for comfort, for mobility, for prosperity. And it‘s 
the opposite.‖ (Atkin, 2014). The Solar Impulse 2 is not a new project, as the designers 
have enjoyed some form of success with its predecessor called the Solar Impulse 1. This 
aeroplane has made some history by flying across the USA in July 2013. A solar powered 
aeroplane like the Solar Impulse range, could, in theory stay airborne for a very long time if 
it was not for the pilots or anyone on-board the aircraft needing to eat and sleep (Atkin, 
2014). 
 
In a rather contrasting development, it has been reported (Bertorelli, 2014) that piston 
engines are providing unmanned aircraft something that jet engines cannot i.e. as stated 
by Bertorelli (2014) : ―Unrivalled mid-altitude efficiency and endurance. So as unlikely as it 
seems, drone technology is pushing piston engine and prop design and that‘s why 
Lycoming has a diesel engine that is not known. It‘s designated the DEL 120 and has 205 
HP, meaning it‘s in the IO-360 class. It‘s the prime powerplant in the General Atomics‘ 
MQ-1C Improved Gray Eagle, an Army drone. The Gray Eagle is a follow-on to the MQ-1 
Predator, which has similar mission capabilities‖. In the same report, Lycoming‘s Michael 
Kraft was openly sceptical about diesel engines for aircraft, not so much for technical 
reasons but because the company believes the market is not yet deep enough to support 
the investment required to bring a certified diesel engine to the market. Whether or not 
diesels will take over the industry by storm remains to be seen. 
 
3.5.9 Nanotechnology 
Nanotechnology will be and currently is the process of a social and technological 
revolution exceeding in significance any technological transformation before it, including 
the Neolithic and industrial revolutions.  Nanotechnology, as a rapidly progressing field and 
coupled with the advances of the past fifty years, will have a tremendous impact on fields 
such as materials, electronics and medicine towards 2025 (Adendorff, 2012). Marren 
(2004) describes a possible future with regards to Unmanned Aircraft Systems. The author 
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starts by applying Moore‘s law to a Black Widow (Figure 7), which was once the world‘s 
smallest UAS measuring 15cm in length. This aircraft can fly for approximately half an 
hour and transfer live colour video to the ground via its on board camera. In applying 
Moore‘s law, the Black Widow could, for example be three centimeters long in 18 months. 
In three years, a centimeter and a half long. In six years, it could be three-eighths of a 
centimeter long. In 12 years, this aircraft could be barely two hundredths of a centimeter 
long, which is the size of a small insect. Following this, the Black Widow could become 
more or less invisible. The author argues by stating that: ―While Moore‘s law is scaling 
down the size of UASs, biotechnology will be working on the DNA, anatomy, 
aerodynamics and maybe even the brains of fruit flies, mosquitoes and tiny animals and 
applying them to the descendent of the Black Widow. On the other hand, nanotechnology 
will be developing all along and making possible all sorts of interactions between the hard 
world of IT and physics and the soft world of biology and blurring the boundaries between 
them, as well as making things very, very small. The interaction between the rapidly 
advancing fields of information technology, biotechnology, nanotechnology, and networked 
communications make such a dream/nightmare scenario quite plausible within the 
lifetimes of many of the people reading this‖. The question that is raised again by this 
research is: ―Could this future be conceivable in or around 2025?‖ 
 
Adendorff (2012) posits that, around 2025, significant advances in three-dimensional 
batteries are likely to enable smaller, autonomous sensors and communication devices. 
Improvements in nanoelectromechanical systems (NEMS) and (microelectromechanical 
systems) MEMS power sources could enable the potential widespread use of these 
technologies for smaller autonomous sensor platforms (Berger, 2009 cited in Adendorff, 
2012). Consequently, potential societal issues include enabling persistent or increased 
monitoring, managing the use of such sensors, and associated privacy issues. Finally, 
advances enabled by the development of nano-enabled solar cell technology could 
potentially impact applications of distributed power. Cheaper, more rugged, and flexible 
solar cells that could be integrated into textiles or building materials could significantly 
affect the power distribution infrastructure. Such technology could also help enable further 
autonomous devices and applications that could, in turn, enable more pervasive sensing 
and raise further privacy issues (Landree, 2006 and Berger, 2009 cited in Adendorff, 
2012). Could challenges faced by designers of UASs like the Solar Impulse 2 be solved by 
the miniaturisation element brought about by nanotechnology?  
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3.5.10 Advanced Materials 
Advanced materials have received a lot of attention with regards to aircraft manufacturing. 
According to Sciencescope (2009), the CSIR has been carrying out research in the areas 
of advanced light metals, advanced composites, natural/green materials and smart 
materials. In fact, in these research areas South Africa can be internationally competitive 
with regard to contributing to the aerospace and automotive industries – both of them 
priority sectors as identified by the Department of Trade and Industry (DTI). During the 
course of 2006, the Advanced Manufacturing Technology Strategy roped in the assistance 
of the CSIR to specifically focus on research that would benefit the aerospace and 
automotive industries. Since then, great progress has been made in the fields of advanced 
materials and several projects have already made a significant contribution to applications 
in these industries  
 
3.5.10.1 Advanced Light Metals 
The processing of light metals such as aluminium, magnesium and titanium holds specific 
promise in manufacturing lighter, stronger structures and components for the automotive 
and aerospace industries. The CSIR is focusing in particular on developing advanced 
metals manufacturing technologies for complex, thin-walled, lightweight components 
through the investment casting process. A complementary CSIR facility has also been 
involved in the development of a derivative of the semi-solid metal technology that resulted 
in a new recasting technology for the casting of aluminium. This technology and its 
associated equipment have been patented both locally and internationally (Sciencescope, 
2009). It is stated in the same article that, while further research in support of its 
industrialisation is ongoing, the local automotive industry has expressed great interest in 
applying the CSIR‘s recasting technology to its benefit. With this sector in mind, an engine 
bracket supplied by an automotive manufacturer is being used to demonstrate the 
feasibility of the technology. A third research area in the light metals programme at the 
CSIR is powder-based processing of titanium alloys. Here the finely dispersed powder of 
the metal is first compacted in a mould and then sintered at high temperature to produce a 
dense net-shaped component. Through a novel technology for South Africa, the powder 
can also be mixed with a polymeric binder and injected into a mould very similar to the way 
in which plastic is injection moulded. Subsequently, the formed components are heat 
treated to remove the binder and sinter the powder into a solid part. Smaller, complex 
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parts can be formed via this processing route with material wastage almost eliminated 
(Sciencescope, 2009). 
 
3.5.10.2 Advanced Composites 
Developing novel composite material technologies for the aerospace and automotive 
industries is something the CSIR has done successfully for many years. The more recent 
research efforts focus on smart structures and novel emerging materials (especially nano-
composites). Research in nanotechnology provides a comprehension of the basic building 
blocks as well as the control thereof and the different properties of all natural and man-
made objects. One of the main research areas at the National Centre for Nano-Structured 
Materials at the CSIR is the fabrication of novel nanostructured materials. Here, focus is 
placed on manipulating materials at a nano-level in order to increase their performance 
against, for instance, wear and tear damage, to improve strength to weight ratios and 
surface finishes (Sciencescope, 2009). 
 
3.5.10.3 Natural/Green Materials 
In both the aerospace and the automotive industries the materials used have to adhere to 
very strict safety requirements. They should be fire and smoke resistant and have low 
toxicity levels. While many naturally-sourced fibres do fulfill these stringent requirements, 
they are also desirable because of their luxurious attributes. These fibres are, however, 
very expensive. Natural fibre-reinforced composites not only retain the safety qualities of 
natural materials but also hold advantages with regard to weight-saving and thermal 
recycling. It can furthermore be applied to both structural and interior components. In 
recent years, the CSIR has developed a strong capability in fibre-based composites, with a 
special focus on the use of natural fibres. Two technology platforms were developed and 
merged in this time, namely fibre processing through the nonwoven route, and the science 
and technology of composite materials (Sciencescope, 2009).  
 
3.5.10.4 Smart Materials 
One current research area regarding the application of smart materials in aeronautical 
applications involves Unmanned Aircraft Services. Philip Loveday, a researcher in sensor 
science and technology at the CSIR, explains that the organisation is investigating the use 
of piezoelectric actuators for servo systems in UASs. ―Piezoelectric materials, notably 
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crystals and certain ceramics, have the ability to generate an electric potential in response 
to mechanical stress and to generate a mechanical stress in response to an electrical 
potential. This electromechanical coupling makes these materials suitable for various 
sensor and actuator applications,‖ he explains. ―Weight and energy consumption are 
important considerations when selecting or designing servo systems (motion control 
systems) for UASs. We are developing piezoelectric actuators for actuating or moving the 
ailerons, as these actuators are efficient and require very little power to maintain a set 
position. The challenge here is to mechanically amplify the small displacements available 
from the piezoelectric materials to a useful magnitude, while retaining the advantages of 
low weight and high bandwidth. This development is based on a CSIR-patented 
amplification mechanism‖. (Sciencescope, 2009). 
 
A second application involves adapting the wing profile to be more efficient during different 
flight conditions. This task requires even larger displacements although these can be 
performed slowly. For this purpose the CSIR is developing a piezoelectric motor, which 
essentially rectifies or accumulates the small displacements of a piezoelectric actuator to 
produce large displacements. This research is still in an early stage but is already showing 
great potential (Sciencescope, 2009). 
 
3.6 DRIVERS FOR CHANGE AFFECTING THE AVIATION INDUSTRY 
―A definition of a driver encompasses the result of the transformation in an environment 
brought on by any natural or human-induced factor that directly or indirectly causes a 
change. Since driving forces are influenced by the rapidity of change, they can therefore 
be viewed as uncertain. As a result, it makes it harder to anticipate the future. This 
uncertainty is not only influenced by the rapidity of change, but also the new ways and 
values of looking at change (and the inherent conflicts of these new values and the 
existing and familiar ones) and of course, the driving forces of change‖ (Adendorff, 
2013:127). Researchers and decision-makers will need to have a clear comprehension of 
the paradigm shifts and driving forces in order to counteract this uncertainty (Adendorff, 
2013). Adendorff (2013:128) further states that: ―Generally, driving forces are categorised 
by science and technology, economics, demographics, political and social science and 
then there are some that focus on a particular interest area (e.g., environment or 
education).  There is no single right answer for selecting the components of driving forces. 
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Researchers and decision-makers can locate trends with many variations; some are 
emerging, some disappearing, and some are long term. However, it is more important to 
understand the fundamental "forces" that drive trends in whichever direction, so that 
researchers and decision-makers will have a framework in which to relate to the more 
detailed trends‖.  
 
This section seeks to identify the drivers for change affecting the aviation industry. An 
emphasis on the drivers for change affecting Unmanned Aircraft Systems globally as well 
as specific implications for South Africa will be made. An environmental scanning will be 
conducted in an attempt to understand the macro and micro environment prevailing in the 
aviation industry. The outcome of this environmental analysis is aimed at elucidating 
various challenges prevailing in the technological realm of the aviation industry and the 
UAS industry, particularly for South Africa. 
 
3.6.1 Drivers for change affecting airlines 
The International Air Transport Association‘s vision for 2050 places the passenger at its 
core. According to IATA (2011), leading towards 2050, the actual cost of travel will 
decrease by approximately 60% and the number of travelling passengers will increase 
tenfold. The association states that: ―Air transport will be recognised by all governments on 
a global basis as vital infrastructure that is key to the demands for assured and hassle-free 
connectivity. In 2050, governments will continue to ―own‖ their airspace but their role of 
regulation will be on a collective basis. All service provision will be in the hands of 
performance-driven commercial enterprises that also ensure financing for the enabling 
technologies and infrastructure. Large systems integrating companies will compete at the 
customer (passenger) interface to provide the optimum, most cost-efficient service on a 
branded basis while more detailed service provision (ANS, airport terminal management, 
aircraft provision, and maintenance, etc.) will be conducted on a franchised or outsourced 
basis. Investors will receive a solid, fair and consistent return from these aviation 
infrastructure companies, who receive 50% of their revenue from the actual service 
delivery and 50% from meeting performance and efficiency criteria. Benchmarking, 
performance targets, and continuous improvement will be the norm. Failure to meet the 
minimum levels of performance would result in intervention from regulators to remove 
concessions but this almost never happens‖. Despite the great picture depicted in the 
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2050 vision described, IATA (2011) highlights certain tough actualities that will remain in 
existence in terms of politics, human control of technology, weather, and the environment. 
These challenges are discussed in detail in the sections to follow. 
 
3.6.1.1 Politics 
Various nations will still prioritise on policies that seek to maintain the respect for national 
sovereignty and national defence. This is expected to still cause tensions between 
developed and developing states sometime. However, ICAO will continue to play a 
mediating role and promote the optimum usage of airspace by various states and also 
affording civil and military operations to co-function (IATA, 2011). Contributing to the 
establishment of a positive worldwide regulatory setting for the sustainable growth of 
international air transport is a vital objective for ICAO (ICAO, 2014). One of the objectives 
covered by ICAO in promoting a favourable global environment is ―The provision of advice, 
guidance and assistance to ICAO member States‖ (ICAO, 2014). 
 
3.6.1.2 Human control of technology 
A principal concern, according to IATA (2011) relates to the human involvement in the 
functionality of technology. The association posits that for operations to be safe, the 
human administration and involvement need to be present at all levels (aircraft, air 
navigation, airports, etc.), except for all-cargo flights. As highlighted earlier in this research, 
IATA (2011) predicts that by 2050, aircraft transporting passengers will continue to require 
pilots despite the high automation levels and decision-making demonstrated by UASs. 
Aircraft that do not carry passengers (e.g. all cargo flights), especially long-haul flights by 
UASs will be internationally co-ordinated by the RFMUs (Radio Frequency Monitoring 
Units) and operate within shared airspace during low-demand periods. Therefore, the 
human presence in the control of technology is seen as an integral part of successfully 
operating both manned and unmanned aircraft. 

3.6.1.3 Weather 
Weather will continue to have a strong impact on operations but weather predictions and 
adaptive measures are set to develop into extremely prosperous sciences, permitting 
performance to be upheld (IATA, 2011). The FAA has introduced a system called NextGen 
aimed at improving the current aviation system (Congressional Digest, 2014). In defining 
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this system, the FAA (2014) stated: ―NextGen is a series of inter-linked programs, 
systems, and policies that implement advanced technologies and capabilities to 
dramatically change the way the current aviation system is operated. This system is 
satellite-based and relies on a network to share information and digital communications so 
all users of the system are aware of other users‘ precise locations‖. This system is tipped 
to improve safety in the U.S aviation, lessen delays, and alleviate environmental impact. 
However, it remains to be seen how the FAA will implement this system to achieve the set 
goals. 
 
3.6.1.4 Environment 
Today, approximately 23,000 aircraft operated by more than 2,000 airlines carry more than 
2.2 billion passengers annually and serve about 3,750 airports throughout the world. 
Mostly confined within the flight corridor at cruise altitudes between 8 and 13 km (26,000- 
40,000 ft.), aircraft engines emit carbon dioxide, water vapour, nitrogen oxides, sulphur 
oxides, hydrocarbons and soot particles, which progressively mix and interact with the 
surrounding air. The nitrogen oxides emissions enhance photochemical production and 
loss of tropospheric ozone and methane, respectively. Water vapour releases trigger the 
formation of contrails in sufficiently cold air (Brasseur and Gupta, 2010). The authors 
maintain that contrails may persist for hours and thus increase cirrus cloudiness in ice-
supersaturated air. At present, aviation accounts for approximately 2% of the worldwide 
carbon dioxide emissions. For 2005, aircraft emissions impacts (excluding induced cirrus 
clouds) contributed 3.5% (in a range of 1.3%-10%, which is a 90% likelihood range) of 
total anthropogenic forcing. Inclusion of aviation-induced cirrus cloud impacts will increase 
this magnitude to 4.9%. Aircraft emissions are expected to increase with projected growth 
in aviation and will likely result in enhanced environmental impacts unless scientifically 
informed mitigation measures are implemented. 
 
A bigger picture perspective is given by Masbi (2013:9) stating that: ―Aviation biofuels that 
produce measurable environmental, social, and economic benefits are vital to the aviation 
industry‘s long-term strategy to diversify fuel supply. This has the potential to contribute to 
price stability and cost reduction, while also reducing aviation‘s environmental footprint. A 
number of renewable jet fuel pathways have the potential to contribute fewer greenhouse 
gas (GHG) emissions than petroleum-based jet fuels, and will need to have a net life cycle 
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improvement of 50% or greater to qualify for credit under the EPA‘s Renewable Fuel 
Standard. The aviation industry has acknowledged the need to take additional steps to 
address GHG emissions from its operations. Accordingly, in 2009, Airlines for America 
(A4A) joined with the IATA in adopting an ambitious set of targets to mitigate GHG 
emissions using a global and sectoral approach, including collective industry commitments 
to achieve the following; (a) Continue industry fuel (and, hence, CO2 ) efficiency 
improvements, resulting in an average annual CO2 efficiency improvement of 1.5 percent 
per year on a revenue ton-mile basis through 2020; (b) Carbon neutral growth from 2020 
(CNG2020) as a cap on aviation emissions, subject to critical aviation infrastructure and 
technology advances achieved by the industry and government. Market-based measures 
may serve as an interim approach to addressing CO2 emissions exceeding the baseline; 
and (c) Contribute to an industry-wide goal of reducing CO2 emissions by 50 percent by 
2050, relative to 2005 levels‖ (Masbi, 2013:9). 
 
3.6.2 Drivers for change affecting Unmanned Aircraft Systems 
3.6.2.1 Regulatory framework 
The reality of a pilot being present in any aircraft that is operated in the civilian airspace 
transporting passengers is suddenly threatened by the use of UASs in the civilian realm. 
Currently being researched by many stakeholders in the aviation industry is the 
implications of taking away a pilot from the cockpit of an aircraft and proving that by so 
doing, the aircraft can still be flown safely. This scary situation brings about technical and 
operational challenges that need to be made sense of (ICAO, 2013). This organisation 
states that: ―The goal of ICAO in addressing unmanned aviation is to provide the 
fundamental international regulatory framework through Standards and Recommended 
Practices (SARPs), with supporting Procedures for Air Navigation Services (PANS) and 
guidance material, to underpin routine operation of UAS throughout the world in a safe, 
harmonised and seamless manner comparable to that of manned operations‖. (ICAO, 
2013). This research argues that, based on the international regulatory framework, the 
unmanned aviation industry will ultimately be obliged to follow their respective sovereign 
state‘s regulatory requirements to operate UASs.  
 
In 2009, the FAA created the Unmanned Aircraft Program Office (UAPO) to integrate UAS 
safely and efficiently into the National Airspace Systems and coordinate all FAA 
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certification and operational policy activities related to UAS. In October 2010, the UAPO 
published a Civil/Public UAS roadmap to clarify the path toward certification and operation 
of UAS in the NAS. The FAA is continuing to develop a plan to accelerate the integration 
of civil UAS into the NAS. With all the possible applications for unmanned aircraft, the FAA 
forecasts the largest near-term growth in civil/commercial unmanned operations will be in 
the area of Small Unmanned Aircraft Systems (sUASs). The FAA is continuing to make a 
significant effort to develop the necessary regulatory framework for Small Unmanned 
Aircraft Systems to operate. The regulatory framework will include standards, 
airworthiness criteria, certification and procedures for sense and avoid systems, as well as 
protocols to be used for the certification of command control and communication systems 
in the defined flight environment (FAA, 2013). The FAA believes that the civil UAS markets 
will evolve within the constraints of the regulatory and airspace requirements. Once 
enabled, commercial markets will develop and demand will be created for additional UAS 
and the accompanying services they can provide. Once enabled, an estimate of roughly 
7,500 commercial sUAS is being projected at the end of five years. 
 
In Europe, a roadmap has been proposed by the European RPAS Steering Group (ERSG) 
to address the integration of RPAS/UASs into the civilian airspace. ERSG (2013:7) writes: 
―The roadmap proposes that in order to achieve the full integration of all types of UASs, 
appropriate regulations need to be developed in the three essential domains of 
airworthiness, flight crew licensing and air operations. However, given the complexity of 
this task, this roadmap proposes to address this challenge through a stepwise approach 
spanning over 15 years, in synchronization with the ICAO ASBU (Aviation System Block 
Upgrades) concept and ensuring a close coordination with R&D plans and the 
development of the necessary technologies‖. Similarly to the FAA, the ERSG (2013) has 
discovered that most upcoming civil and commercial applications in Europe are using 
small UASs. Currently, the improvement and growth of UAS applications depend on 
national CAAs‘ capabilities to come up with the necessary regulatory framework. ERSG 
(2013) highlights that there are fifteen European countries that constructed (and some are 
still constructing) some components of the regulatory framework, due to the escalating 
pressure from civil UAS operators. Currently, the Czech Republic, France, Ireland, Italy, 
Sweden, Switzerland and UK, have all developed the regulatory framework. Belgium, 
Denmark, The Netherlands, Norway and Spain are currently drafting the regulations. 
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3.6.2.2 Airspace safety 
According to Villasenor (2014), there are important safety considerations that must be 
addressed to make the process of safely integrating unmanned aircraft into the civilian 
airspace. In particular, the operator of a UAS must have the capability to sense and avoid 
other aircraft. With manned aircraft, there is a mature set of standards and procedures that 
have been developed over many decades for ensuring that aircraft remain safely 
separated. However, since the information available to a UAS pilot can be very different 
from that available to the pilot of a manned aircraft, many of these methods cannot be 
directly applied to UAS operation. The task becomes even more complicated if the UAS is 
autonomous, i.e., flying without a human at the controls. Another complication involves the 
interactions of pilots with the air traffic control system, which developed under an 
assumption that aircraft generally had on-board pilots who could hear and immediately 
respond to instructions from controllers. With UAS, the pilot and aircraft are no longer at 
the same location, so there are more communication links involved. In addition, UAS 
integration raises important questions regarding the information flow among the controller, 
pilot, and aircraft and the procedures governing communication and control.  
 
Villasenor (2014) argues that some measure of safety can be obtained through license 
categories requiring unmanned aircraft to remain at altitudes that are lower than those 
most commonly used by manned aircraft. This is why the class of unmanned aircraft 
licenses for government operators made available as of 2012 under the FMRA requires 
operation less than 400 ft. above the ground. However, manned helicopters sometimes fly 
at sub-400-ft altitudes. Fixed-wing aircraft also transition through low altitudes during take-
off and landing, and for some uses (e.g., crop dusting) stay at low altitudes for extended 
periods of time. And, some unmanned aircraft need to operate at very high altitudes. Thus, 
restrictions on UAS to low-altitude operation can be a component of a safety solution but 
not the whole solution, as both unmanned and manned aircraft will often need to operate 
at overlapping altitudes. The small size of some UAS also complicates the task facing 
pilots of manned aircraft, who, meteorological conditions permitting, are supposed to see 
and avoid other traffic. It is already difficult enough for a pilot to spot an approaching full-
sized manned aircraft, especially when closure rates can be many hundreds of knots. 
Many unmanned aircraft are well under a meter in length, and could be essentially 
impossible for the pilot of a manned aircraft to see against ground clutter.  
T. Marope : 212458485     
P a g e  | 73 
 
 
In an attempt to come up with solutions to the above challenge, Fargoans Muehler and 
Alex Kube, software developers, have been working together to create a safety application 
for unmanned aircraft. The result is Botlink, an application that shows drone pilots where 
manned aircraft are as well as controlled airspaces, which requires permission to enter. 
The application plots the drone's position relative to other aircraft by harnessing real-time 
FAA data. If the drone approaches controlled airspace, the application alerts its pilot and 
provides contact information for the control tower. The company is also developing a 
cellular device that straps to drones and allows real-time information to be communicated 
from multiple drones to multiple users (Richards, 2014). Villasenor (2014) argues that 
there are also other unmanned aircraft safety issues that will need to be addressed 
differently than for manned aircraft. For example, what should the standards be for 
certifying that an unmanned aircraft is airworthy? What criteria should be used to 
determine when airworthiness certification is even needed? How should certification of 
unmanned aircraft pilots be handled? 
 
3.6.2.3 Societal impact  
3.6.2.3.1 Third party liability and insurance 
The operation of UASs in the civilian airspace will bring about possibilities of accidents. 
The impact that accidents have on third parties i.e. other users of the airspace, innocent 
bystanders on the ground etc. needs to be taken into account the same way the motor 
industry functions. If any UAS operator gets involved in an accident and people get injured 
in the process, then the operator has to remain liable financially for all the injured. This 
means that financial insurance covers need to be in place for UAS operators operating in 
civilian airspace (ERSG, 2013). In an effort to provide the regulatory guidance, ERSG 
(2013:12) states that: ―The Civil Aviation Authorities, which are responsible for the 
authorisation of UAS operations, should ensure that the appropriate regulatory framework 
is in place. This requires, as a first step, to analyse the existing legal framework for third 
party liability (damage on the surface and in the air) and the current insurance practices, in 
order to make recommendations for the development of future UAS regulations and the 
necessary related insurance. Sharing experience and good practices between national 
CAAs should also be promoted‖. 
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3.6.2.3.2 Security 
Security of the ground station, as well as the command link to the UAV was raised as an 
issue in many UAV documents. Because of the ability for the UAV (or any aircraft) to be 
used as a missile, control needs to be exercised over personal access to the control centre 
(cockpit). In an airliner, the passengers can be screened before the flight, and once 
airborne, there is little risk of anyone else climbing on board. The UAV ground control 
centre is vulnerable at all times, not only for direct attack, but also for jamming etc. These 
risks can be reduced using a greater degree of autonomy, as well as military signal 
technology that reduces the risk. However, a certain level of fairness and equivalence 
must be applied since it is possible at present to interfere with manned aircraft instruments 
in certain conditions, as well as well using false beacons and radio broadcasts to mislead 
aircraft during instrument flight conditions (Ingham, Jones and Maneschijn, 2006).  
 
3.6.2.3.3 Privacy 
Unmanned aircraft make it possible for anyone to easily and inexpensively acquire 
overhead imagery, including images of spaces that most people would consider private, 
such as the interior of a fenced-in yard not visible from the street (Villasenor, 2014; ERSG, 
2013). This has given rise to legitimate privacy concerns. Legal privacy frameworks are, of 
course, jurisdiction specific, so the privacy protections relevant to UAS will vary strongly 
across (and sometimes within) different countries (Villasenor, 2014). ―CAAs should 
contribute to the enforcement of privacy and data protection regulations by including 
appropriate provisions in national UAS regulations on safety, in close collaboration with the 
national Data Protection Authority, and the European Data Protection Supervisor in the 
case of EU regulation (e.g. include in the certification of an UAS operator the provision 
related to any required approval by national DPA, court, etc.)‖. (ERSG, 2013:13). 
 
3.6.2.3.4 Benefits of civilian unmanned aviation  
It has been proven, perhaps not beyond doubt that the unmanned aircraft operations will 
ultimately assist business across the globe. The FAA (2013) holds strong views regarding 
this and as such states that: ―The unmanned aircraft offer new ways for commercial 
enterprises and public operators to increase operational efficiency, decrease costs and 
enhance safety‖. This view has also been supported by the European counterparts. The 
ERSG (2013:5) also state that: ―RPAS can add to the existing aviation activities, digital 
technologies and massive exploitation of information: in other words bringing aviation into 
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the realm of the third industrial revolution, and so creating highly qualified jobs in the 
manufacturing sector, in operations and in exploitation of the information acquired through 
RPAS. RPAS are themselves multi-systems and so involve a great variety of equipment 
and payloads. Beyond the RPAS manufacturers and system integrators, the RPAS 
industry also includes a broad supply chain providing a large range of enabling 
technologies (flight control, communication, propulsion, energy, sensors, telemetry, etc.). 
Finally, RPAS will generate the emergence of a new service sector. The development of 
RPAS technologies is likely to create civil spinoffs with significant impact in many sectors‖.  
 
Villasenor (2014) stresses the importance of acknowledging and addressing the legitimate 
challenges that will accompany the growth of domestic unmanned aviation, including 
privacy and airspace safety. But it is also important not to let those challenges mask the 
many benefits that unmanned aviation will provide. In the coming years, unmanned aircraft 
will help save lives after natural disasters. They will help search-and-rescue teams find lost 
hikers and allow police forces that cannot afford manned helicopters to obtain vital, 
potentially lifesaving overhead imagery during hostage standoffs. When used safely and in 
a manner respecting privacy, domestic UAS can become important tools for private 
citizens, firefighters, scientists, news reporters, filmmakers, and others to more effectively 
observe the world around them. More broadly, the 21st century will, in many ways, be the 
century of robotics, and unmanned aircraft will be an important part of that story. A strong 
robotics industry and thus a strong unmanned aircraft industry will be an essential 
ingredient to economic competitiveness. 
 
Several aircraft manufacturers have expressed their interests in the unmanned aircraft 
industry by committing to solid projects. Amongst others, is Dassault Aviation. According to 
Taverna (2002), Dassault Aviation and Sagem have decided to team up to develop future 
tactical unmanned aerial vehicles. Sagem has sold more than 100 UAVs to four European 
countries, including an 18-unit Sperwer sale to France in 2001. However, it is under heavy 
pressure from Israeli competitors, who sold their Eagle 1 right in Sagem's home market. 
Dassault, a newcomer to the UAV business, sees unmanned vehicles as a natural 
complement to its Rafale and Mirage 2000 fighter lines, particularly if fighter sales 
opportunities continue to diminish. Dassault engineers have been testing a small, reduced-
scale demonstrator, dubbed the Petit Duc that the firm hopes to use as a basis for a future 
multimission UAV platform. Dassault officials said the two companies' offerings would be 
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fully complementary. Dassault can offer in-depth experience in stealth technology—the 
Petit Duc sports low-observable blended wing design—as well as digital flight control 
systems, engineered materials and other features required for advanced unmanned 
vehicles, particularly UCAVs (Unmanned Combat Aerial Vehicles). Sagem is a defence 
electronics specialist with extensive knowledge of payload design. A new electronic 
warfare version of its Crecerelle UAV, delivered late 2001 to the French army, is thought to 
be the first unmanned EW aircraft to enter operational service. 
 
In another industry development (Rockwell Collins, 2008), Rockwell Collins has agreed to 
acquire Athena Technologies, a privately held developer and supplier of flight control and 
navigation systems used mainly in UAS, in a deal that expands its presence in the UAS 
market. Rockwell Collins (2008) state that: ―Athena has worked on three significant UAS 
platforms. The company is a subcontractor to Textron's [TXT] AAI Corp. subsidiary on the 
Shadow Tactical Unmanned Aircraft System, the General Atomics Extended Range Multi-
Purpose UAS, and the United Kingdom's Watchkeeper UAS program, which is being 
developed by France's Thales and Israel's Elbit Systems [ESLT]‖. Clay Jones, chairman, 
president and CEO of Rockwell Collins, said in a statement: "Athena Technologies' proven 
track record in creating leading navigation and control solutions for UAVs, combined with 
our existing capabilities, provides Rockwell Collins with exciting, new growth 
opportunities,". "We look forward to integrating our combined capabilities to bring new 
control solutions to both military and commercial market segments." This sub-contractor is 
expected to provide Rockwell Collins with the perfect edge by using its technological 
capabilities to contribute towards the seamless operation between manned and unmanned 
aircraft. 
 
3.7 CONCLUSION 
Cutcher-Gershenfeld (2004) explains how the authors of the book Lean Enterprise Value 
describe the four core missions in which the aerospace industry provides service to the 
public at large. Firstly, the global movement of people and goods, which includes the 
commercial aircraft sector, as well as the vast array of airlines, maintenance, airports and 
related services is an important mission. The aerospace industry continues to experience 
a rise in global competition (Linz, 2012), increased air traffic congestion, emergence of 
new business models for engine maintenance and the growing use of regional jets. 
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However, the industry also continues to witness some airlines at the brink of collapse and 
labour relations deteriorating. On the upside, there are some pockets of growth, which 
include employment in Brazil and Canada for the production of regional jets and expansion 
by some low-cost airlines. The industry‘s second mission, the global acquisition and 
dissemination of information and data involves a combination of space based and land-
based mechanism for the movement of information and data. This domain continues to 
evolve in unpredictable ways. Not only is there uncertainty about the demand and supply 
of the professional and technical workforce needed for the space sector, but it is not clear 
how this workforce will be linked to land-based aspects of the telecommunication industry.  
 
The end of the Cold War, longer product lifecycles, growing technological complexity and 
mounting budgetary pressures have all affected the mission of furthering national security 
interests. These developments are driving a fundamental re-thinking of defence acquisition 
policies, product development and manufacturing processes, supply-chain integration and 
life-cycle sustainability. The additional imperative of fighting global terrorism has scientists, 
engineers, managers, production workers and countless others uncertain about job 
security, appropriate skills and capabilities and career prospects (Cutcher-Gershenfeld, 
2004). The author posits that, pushing the boundaries of exploration and innovation (fourth 
mission of the aerospace industry) has often been victim to the resource constraints 
associated with uncertainty and decline in the other three missions described above.  
 
In light of the challenges described above, this research seeks to investigate the role 
played by Unmanned Aircraft Systems, as well as the impact of technological factors in 
this evolving aerospace industry towards 2025. In order to achieve the aforementioned 
objective, an overview of the world, the aerospace industry in general, as well as the 
outlook for Unmanned Aircraft Services had to be conducted to understand the macro 
issues prevailing in the industry towards 2025. A specific focus was given to technological 
factors affecting Unmanned Aircraft Services in an attempt to satisfy the main objective of 
the research. This chapter merely described various technologies affecting the operation 
of Unmanned Aircraft Systems. An in-depth analysis of these technologies and how they 
affect the operation of Unmanned Aircraft Systems will be conducted in the next chapter. A 
Causal Layered Analysis will be applied to the researched technologies in an effort to 
identify how they affect the operation of Unmanned Aircraft Systems. The outcome of this 
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analysis will seek to assist in answering the various research questions posed by this 
research in an effort to address its main objective.  
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CHAPTER 4 
 
4 APPLYING CAUSAL LAYERED ANALYSIS   
 
4.1 INTRODUCTION 
The preceding chapter covered the literature study pertaining to future technological 
factors affecting Unmanned Aircraft Systems in the Republic of South Africa towards 2025. 
In order to achieve this objective, an overview of the world, the aerospace industry in 
general, as well as the outlook for Unmanned Aircraft Services had to be conducted to 
understand the macro issues prevailing in the industry towards 2025. A specific focus was 
given to technological factors affecting Unmanned Aircraft Services in an attempt to satisfy 
the main objective of the research. An in-depth analysis of the studied technologies and 
how they affect the operation of Unmanned Aircraft Systems will be conducted in the 
current chapter. A Causal Layered Analysis will be applied to these technologies in an 
effort to establish how they affect the operation of Unmanned Aircraft Systems. The 
outcome of this analysis will seek to assist in answering the various research questions 
posed by this research in an effort to address its main objective. 
 
Causal Layered Analysis is a theory of knowledge and a methodology for creating more 
effective policies and strategies. Since its invention in the late 1980s, it has been used 
successfully with governments, corporations, international think tanks, communities and 
cities around the world. This methodology has also been used as the primary research 
method for many doctoral and master‘s students around the world (Inayatullah, 2014). The 
author maintains that CLA helps individuals and organisations understand the current 
reality and since the methodology provides a tool to dig deeper and more broadly, it allows 
organisations to create an alternative future that is robust in its implementation. Causal 
Layered Analysis is concerned less with predicting a particular future and more with 
opening up the present and past to create alternative futures. The methodology focuses 
less on the horizontal spatiality of futures – in contrast to techniques such as emerging 
issues analysis, scenarios and backcasting – and more on the vertical dimension of 
Futures Studies i.e. layers of analysis (Inayatullah, 1998; Metafuture, 2014). In an attempt 
to further describe Futures Studies, Inayatullah (1998) divided these studies into three 
overlapping research dimensions: empirical, interpretive and critical. Each dimension has 
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different assumptions about the nature of reality, truth, the universe, the future and about 
the role of the subject. The author advocates for an approach that utilises all three 
dimensions i.e. an approach that contextualises data (the empirical) with the meanings 
(interpretive) given, and then locates these meanings in various historical structures of 
power/knowledge-class, gender and episteme (the critical). According to the author, CLA 
is well situated in critical futures research and is less concerned with disinterest (the 
empirical) or with creating mutual understanding (the interpretive) but more concerned with 
creating distance from current categories. 
 
4.2 CAUSAL LAYERED ANALYSIS APPLIED 
In recent years Unmanned Aircraft Systems have been successfully used in a wide variety 
of applications. Their value as surveillance platforms has been proven repeatedly in both 
military and civilian domains. As substitutes to human inhabited aircraft, they fulfil missions 
that are dull, dirty and dangerous (Kontitsis and Valavanis, 2010). Applications of UAS are 
very diverse and include, inter alia, battlefield assessment, reconnaissance, port security, 
wildlife protection, wildfire detection, search and rescue missions, border security and 
patrol, resource exploration and oil spill detection, atmospheric/environmental research, 
telecommunications, agricultural applications and cargo transporting (Ingham, Jones and 
Maneschijn, 2006; Kontitsis and Valavanis, 2010). The main common component of these 
diverse applications is the existence of various UAS technologies. There is also a drive 
from various institutions and interest groups (FAA, 2013; ERSG, 2013; ICAO, 2013; 
SACAA, 2014) to establish a platform to integrate UASs into various NAS. However, not all 
technologies are necessarily available to ensure the safe integration of UAS into civilian 
airspace (ERSG, 2013; FAA, 2013). As such, this section will apply the Causal Layered 
Analysis to this study in an effort to establish the impact of technological factors on UASs 
for the Republic of South Africa towards 2025. An effort will be put on seeking to address 
the various research questions raised in this research to ultimately address the research 
objective.  
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4.2.1 Litany layer 
 
Table 2: CLA analysis at the litany layer  
  Litany layer 
Factors Raised questions 
Centre of gravity of world production moving 
towards Asia and emerging countries in 2025. 
Will emerging countries lead the production 
of UASs by 2025?  
How will South Africa benefit from the 
Asian takeover? 
New models of passenger aircraft (Boeing, Airbus, 
Supersonic jets). 
Is it feasible to employ UAS technology in 
the passenger carrying aircraft business by 
2025? What will the implications be for 
South Africa towards 2025? 
Proliferation of UASs in the airspace and the 
plethora of technologies available in the general 
aerospace and the unmanned aircraft industries. 
What can be done? 
Nothing can be done? 
Why don’t they do something about it? 
The increased number of near misses and possible 
accidents relating to UASs colliding with manned 
aircraft. 
What can be done? 
Nothing can be done? 
Why don’t they do something about it? 
Source: Adapted from Inayatullah (1998, 2004, 2008) 
 
The layer of analysis at the litany layer (Table 2) consists of all the noticeable and evident 
realities as discovered by this research study. According to Inayatullah (2002) events, 
issues and trends are usually not connected and also appear discontinuous at this layer. 
However, this research has established that the advancement of technologies in the 
aerospace industry featured mostly in the evident realities of the litany layer as identified. 
Slaughter (2002) validates this by pointing out that technology is one of the major trends 
on the litany layer (Pop Futurism). The aerospace industry, on the other hand, continues to 
play a critical role in the global competitiveness of any sovereign nation. Soko (2006) 
predicts that the global aerospace sector is set to expand by 25% in real terms to $250 
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billion a year, with the number of airlines in service expected to increase to 20 000 by 
2020. The emerging and developing countries, according to the European Commission 
(2009), which accounted for 20 % of the world‘s wealth in 2005 will account for 34 % of it 
in 2025. The centre of gravity of world production will move towards Asia. The group made 
up of China-India-Korea will weigh as much as the European Union. With the addition of 
Japan, Thailand, Taiwan and Indonesia, the share of Asia would in 2025 reach more than 
30 % of the world GDP and would surpass that of the EU, estimated at slightly more than 
20 %. Before 2025 China could become the second world economic power and India the 
sixth economic power of the world ahead of Italy and behind France. Defenceweb (2014) 
also predicts a growth in UAV production from $942 million in 2014 to $2.3 billion in 2023. 
China‘s manufacturer AVIC is expected to account for the lion's share ($5.76 billion) of the 
10-year market value, based on production of hundreds of pricey UAVs, nearly all 
earmarked for Chinese consumption. The question posed by this research at the litany 
layer is ―How can South Africa benefit from the shift of production power to Asia?‖ 
 
 Looking at South Africa‘s aerospace industry, there has been some positive signs of 
growth witnessed by the landmark collaborative agreement signed between Airbus and 
Denel Aerostructures/Aerosud venture that will hopefully reduce the companies‘ 
dependency on military programmes (Defenceweb, 2014). The global airline industry is set 
to experience tremendous growth towards 2025 and beyond. The industry carried 2.4 
billion passengers and shipped 40 million tonnes of goods in 2010. These figures are set 
to increase to 16 billion passengers and 400 million tonnes of goods leading to 2050. In 
the same year, air transport is set to grow at almost twice the rate of GDP expansion, 
meaning that more people will be travelling than ever before and more frequently than ever 
before (IATA, 2011). This research has also established that the aircraft manufacturing 
giants, Boeing and Airbus have declared their future intentions with regard to new 
passenger aircraft models. The B787 Dreamliner (Boeing) and the Airbus Concept Plane 
are set to offer passengers the highest level of comfort, safety, sophistication, speed and 
interaction amongst other things (Airbus, 2014; Boeing, 2014). The proliferation of in-flight 
entertainment technologies as well as the usage of mobile technology (LIMPs) by the 
average citizen will culminate into the highest interactive in-flight platform for aeroplanes 
towards 2050 (IATA, 2011). In 2025, light-weight aerospace engineering coupled with new 
battery technologies will power electric vehicle transportation - on land and in the air. Cars 
and airplanes will still exist, but they will be smarter, battery-powered, and able to travel 
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longer distances and more light-weight. Advancements in non-carbon based fuel sources, 
including lithium-ion batteries, reversible hydrogen storage options, nano-materials in fuel 
cells and thin-film batteries will all contribute to this reality (Thomson Reuters, 2014). The 
relationship between the manned aircraft and the unmanned aircraft industries makes 
these realities and projections absolutely critical. This research aims to still establish this 
impact through this analysis. 
 
The world has also witnessed a proliferation of Unmanned Aircraft Systems or Remotely 
Piloted Aircraft in recent times. Research has shown that UASs have been in operation for 
the longest of times, especially in the military and continue to attract as much attention 
globally. The high level of technological advancements witnessed in the use of UASs 
makes the unmanned aircraft industry a continuously evolving industry. The European 
Commission (2009) cautioned that numerous scientific and technological advances 
(cognitive sciences, nanotechnologies, synthetic biology, surveillance technologies, 
biometrics, etc.) will give rise to controversies in society by 2025. For example, the illegal 
use of surveillance technologies in UASs poses a threat to the privacy of individuals, 
organisations and property. The use of nanotechnology in manufacturing UASs will 
possibly become one of the most controversial usages of technologies in the aerospace 
industry as well as specifically in the unmanned aircraft industry. The Black Widow, which 
was once the world‘s smallest UAS measuring 15cm, could eventually be almost invisible 
due to the use of nanotechnology. The interaction between the rapidly advancing fields of 
information technology, biotechnology, nanotechnology, and networked communications 
make this dream/nightmare scenario quite plausible within the lifetimes of many people 
(Marren, 2004). 
 
The CLA analysis at the litany layer has identified a number of projections relating to the 
aerospace industry towards 2025. Not much can be done by the general public regarding 
these identified realities and eventualities. There have been cases where feelings of 
helplessness (what can be done?) or apathy (nothing can be done?) or projected action 
(why don‘t they do something about it?), as underlined by Inayatullah (1998) were felt by 
different stakeholders of the industry regarding the existence of UASs in the civilian 
airspace. For example, the general secretary of the British Airline Pilots Association 
(BALPA), Jim McAuslan, was commenting after a near-miss occurred between a drone 
and a jet aircraft near Heathrow. The general secretary explained how easy it would be for 
T. Marope 212458485 
P a g e  | 84 
a near-miss to become a disaster; "Unless we put in place the regulation now and have 
enforcement procedures that are practical in operating efficiently then we are going to see 
an accident. It doesn't take much of a stretch of the imagination to imagine a 3kg weight 
going at speed ingested into a jet engine or hitting a widescreen." (Skynews, 2014). In 
South Africa, cases of frustration by the industry have also come forth. For example, the 
CSIR (2013) is of the view that South Africa is trailing the rest of the world in bringing this 
disruptive technology (UASs) to benefit national security as well as make a positive impact 
socio-economically.  
 
4.2.2 Systemic layer 
This layer of analysis deals with the systemic causes of the interrelated social, economic, 
cultural, technological, environmental, political and historical factors of an issue and the 
underlying data (Inayatullah, 1998). In relation to this research, the analysis at the 
systemic layer will seek to identify trends and drivers that cause the issues highlighted by 
the litany analysis as they appear to the world and particularly to South Africa. These items 
are summarised in the following Table 3. 
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Table 3: CLA analysis at the systemic layer  
Systemic layer 
Historical and 
Political 
UASs have always been instrumental in providing safety and security for 
sovereign states. However, the introduction of UASs into civilian airspace 
poses a lot of challenges for various nations, South Africa included. 
Economical Ease of availability of UASs, particularly drones due to business 
opportunities. South Africa is no exception. 
Technological UASs provide a great platform to test new technologies. 
Technological advancements play a critical role in airspace safety as well as 
efforts to integrate UASs into civilian airspace. 
Legal The lack of regulatory framework for UASs makes its operation even more 
illegal and dangerous. This also impacts on the social issues (public safety, 
privacy, trust) 
Social The interest in UAS operations and technology by business and the general 
public. 
Source: Adapted from Inayatullah (1998, 2004, 2008) 
 
4.2.2.1 Historical and Political 
Historically, unmanned aircraft have been known by many names including: ―drones,‖ 
―remotely piloted vehicles (RPV),‖ ―unmanned aerial vehicles (UAV),‖ ―models,‖ and ―radio 
control (R/C) aircraft.‖ Today, the term UAS is used to emphasise the fact that separate 
system components are required to support airborne operations without a pilot on-board 
the aircraft. Early UAS operations received little attention from the FAA and its 
predecessor agencies due to the infrequency of operations, which were mostly conducted 
in remote locations or in special use of airspace and were not deemed to impact the safety 
of the NAS. In the past two decades, the number of unmanned aircraft operations has 
been increasing dramatically, highlighting the need for a structured approach for safe and 
efficient integration (FAA, 2013).  
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Research has shown that UASs have predominantly been used for military applications i.e. 
reconnaissance work, forward air observation for artillery, target practice drones, etc. 
(Hayhurst, et al., 2006; Ingham, 2008). The civilian application of UASs has introduced a 
new set of challenges for sovereign states. Various states find themselves having to 
relinquish a lot of confidential information relating to UAS operations to the interested 
parties. This was confirmed by the extreme difficulty in getting access to the relevant 
literature to give this research study more depth. In some cases, it was established that all 
the relevant websites linking to relevant sources were access controlled if not denied. 
Despite the aforementioned challenges, the researcher devised means to gain access to 
enough research material to make this paper feasible. Some commentators reckon the 
civilian application of UASs will surpass military usage because of the various benefits 
UASs offer to the civilian realm. This research argues that, the reluctance of sovereign 
states to relinquish relevant information on UAS usage will only exacerbate the interest 
shown by stakeholders. Different groups and partnerships will provide platforms for 
designers, engineers and scientists to continue working hard on coming up with future 
technologies to take UASs into the future. 
 
4.2.2.2 Economical 
There is an overwhelming determination by the business community to persuade the 
relevant authorities to ultimately authorise the use of UASs in the commercial space. The 
FAA (2013) posits that UASs offer new ways for commercial and public operators to 
increase operational efficiency, decrease costs and enhance safety. Ingham (2008) argues 
that a significant advantage of UASs includes the use of innovative technologies that 
would be too difficult to install on larger manned aircraft. For example, the use of adaptive 
wing technology and limited life-low maintenance engines. These technologies reduce 
operational and support costs. Several companies (DHL, FedEx, UPS, Pizza Hut, Kroger 
and Safeway, News companies, Moviemakers etc.) are currently running pilot projects or 
considering testing the viability of incorporating UASs into their business operations in an 
effort to reduce operating costs. The world has also witnessed a sudden growth in retailers 
selling radio controlled aircraft at very affordable prices. It is clear that these retailers have 
identified some demand in their products and services. According to Burda and Wyplosz 
(2009) the demand side of the ―demand and supply‖ economic concept relates to spending 
decisions by economic agents like households, firms and government agencies – both 
locally and abroad. However, the ease at which UASs, particularly drones are available to 
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the general public makes the possible regulation of the unmanned aircraft industry a 
challenge. People are now able to purchase drones at a downtown store and start 
operating them immediately in many applications already mentioned in this research. 
According to Foxnews.com (2014), the US commercial drone market is set to explode. The 
head of policy for one drone start-up company, Skycatch stated: ―Inspite of the regulatory 
obstacles, the future of drones is clearly bright. This new technology is simply too great for 
regulators to contain‖. South Africa is no exception to this growth. Figure 13 shows a 
display of a supplier of drones at a shopping mall in the Gauteng province, South Africa. 
The Microdrone 2.0, as shown in the picture only costs customers a mere R1400 and 
comes out with a camera kit that is able to take pictures and videos while flying 
(Microdrone, 2014). Unfortunately, the lack of regulation in this industry has continued to 
pose a number of challenges relating to the illegal operation of UASs for the aviation 
industry as a whole. This research argues that, for the UAS business to flourish, the supply 
side of the ―demand and supply‖ economic concept should first be nurtured, and 
government should play an important role in this. Burda and Wyplosz (2009) point out that 
the supply side relates to the productive potential of the economy and the efficiency with 
which resources are allocated in generating a nation‘s output. The supply side policies 
represent government‘s effort to increase an economy‘s long run capacity as well as its 
overall efficiency. It is also about bringing idle or underutilised resources into productive 
uses.   
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Figure 13: Drone Supplier display at a mall (Source: Picture taken by researcher) 
 
4.2.2.3 Technological 
UAS literature has shown that the manner in which UAS technology is advancing is fast 
paced. DeGarmo (2004) maintains that UASs are an ideal test bed for new aviation 
technology development because of their ability to take on high risk missions and their 
potential for low cost operations relative to manned aircraft. Therefore, it is envisaged that 
more and more technologies will be developed and tested for UAS operations. In addition 
to the aforementioned factors, technologies play a critical role in airspace safety. This 
research argues that, this role is arguably the most important a role played by technologies 
in the aerospace industry. Technologies will also play an integral role in proving capability 
of the successful integration of UASs into the civilian airspace. The FAA (2013) maintains 
that, removing the pilot from the aircraft creates a series of performance considerations 
between manned and unmanned aircraft that need to be fully researched and understood 
to determine acceptability and potential impact on safe operations in the NAS. Therefore, it 
is necessary to develop new or revised regulations/procedures and operational concepts, 
formulate standards, and promote technological development that will enable manned and 
unmanned aircraft to operate cohesively in the same airspace. This research has 
established that there is an abundance of advanced technologies that have been tested; 
however, the CAAs would like to see a proven track record of these technologies. In 
dealing with country specific issues, South Africa has a long and proud history of 
aerospace innovation and development, with the CSIR being an inextricable part of this 
through its many years of novel aerospace research and development (R&D). The CSIR is 
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seen as a key player in the South African aerospace landscape and a custodian of unique 
world-class aerospace R&D skills (Sciencescope, 2006). 
 
4.2.2.4 Legal 
There is a general push from most of the leading CAAs and others (FAA, EASA, UKCAA, 
CASA, CAAC, and SACAA) to construct regulations that will provide guidance for the 
unmanned aviation industry, however there hasn‘t been any country which has officially 
launched its UAS regulations to date. The FAA, as a leading aviation regulator, has been 
given a mandate by the US Congress to demonstrate safe integration of UASs into the US 
commercial airspace by September 2015 (KSLTV, 2014). This research argues that, many 
if not all CAAs would only be able to launch their respective regulations only after the FAA 
has done so. This is based on the fact that, this authority has been a pace setter in most 
aviation regulatory matters over the years. However, Ingham (2008) points out that the 
Civil Aviation Safety Authority - Australian Government has created a set of UAS 
regulations but they are limited in their scope. The lack of a regulatory framework for the 
UAS industry makes the operation of UASs in the civilian airspace even more illegal and 
dangerous. This also impacts negatively on other social issues (public safety, privacy, 
trust).  
 
4.2.2.5 Social and Pedagogy 
Radio controlled aircraft or drone flying has quickly become such an interesting 
recreational sport or activity in many parts of the globe. According to Digitaltrends (2014), 
quadcopters (drones) are all set to become one of the biggest sellers of the current holiday 
season, with many recipients of the flying machines no doubt heading straight out the door 
as soon as the wrapping comes off to launch it skyward on its maiden flight. While most 
people will sensibly select an open space away from buildings and people, one or two may 
have the idea to fly it around their local airport, which is unwise and extremely dangerous. 
This article also highlights the challenges encountered in dealing with drones around 
airports. One of the challenges is the inability of most of these machines to be picked up 
by the radar from the local air traffic controller. In order to demonstrate how, what seems 
to be a harmless social exercise can lead to a catastrophe, a case was reported where an 
Airbus A320 was making an afternoon approach to land at Heathrow Airport in London in 
July 2014. When this passenger aircraft was at 700 feet, the pilot spotted what appeared 
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to be a quadcopter close by. The UKCAA hasn't revealed how close the pair came to 
colliding, though the fact that it gave the incident an 'A' rating tells a story.  
 
According to Factually (2014), with more drones in the air than ever before, there are more 
chances for the unmanned, under-regulated flying machines to collide with planes and 
helicopters flying over U.S airspace. Close encounters and even near-misses happen 
about 25 times a month. That's according to data the Federation Aviation Administration 
gave news outlets, based on reports the agency receives from pilots who spot the 
machines from the cockpit, often flying way higher than the legal limit of 400 feet. This is a 
big challenge that is brought about by just a social activity of flying radio controlled aircraft. 
However, some commentators have a different opinion regarding the stats provided by the 
FAA in a sense that they are open for interpretation. Irrespective of these conflicting views, 
this research argues that an educational drive is needed to emphasise the dangers of 
operating drones in the civilian airspace. Digitaltrends (2014) announced that a school in 
Ohio, USA is preparing to build a huge drone arena so students enrolled in UAV and 
aviation related programs can test their flying machines without having to worry about FAA 
restrictions, or bad weather. The 12-meter-high pavilion, which will be built at a cost of 
about $5 million, will provide students at Sinclair Community College with a large enclosed 
space for their drone-based coursework.  
 
4.2.3 Worldview/Discourse layer 
This layer of analysis asks whose worldview is shaping the issue, whose voice is being 
heard and whose is not. Based on the varied worldviews, discrete alternative scenarios 
can be derived. These scenarios add a horizontal dimension to our layered analysis 
(Inayatullah, 1998). This research has identified two layers of discourses that exist at this 
layer i.e. Stakeholder layer and Ideological layer. These discourses are tabulated in Table 
4 and also discussed further in the section to follow. 
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Table 4: CLA analysis at the worldview layer  
Worldview/Discourse Layer 
Stakeholder 
view  
Public (Individuals, Academic Institutions, Research houses) 
UAS industry (UAS Business Operators, Military, Interest Groups, Social Clubs) 
Aviation industry (Airlines, AMO’s, ATO’s, Military, Aircraft manufacturers, 
Airports Companies, Air Traffic Departments etc.)  
Regulators (International Regulatory bodies and CAAs) 
Ideological 
view 
Economism 
Sustainability 
Source: Adapted from Inayatullah (1998, 2004, 2008) 
 
4.2.3.1 Stakeholder view 
Different interests and views are held by various stakeholders in the unmanned aircraft 
industry. Central to everything and perhaps the voice that is not heard, is the general 
public. This first segment of this faction of the industry consists of some contrasting views. 
Firstly, there is the general public, which consists of persons who are not in a position to 
influence any decisions relating to the operation of UASs, the related technologies 
(present and future), and certainly not on the subsequent regulation of these machines. 
The second segment of the faction consists of the academic institutions and research 
houses who have interests in the operation of UASs globally as well as in the Republic of 
South Africa. This segment holds strong, empirical views that can be backed up by intense 
studies; however these views might not necessarily form part of decision making in terms 
of the operation of UASs and application of future technologies in these machines. It has 
been noticed that most of the CAAs are more inclined to follow the prescripts of the 
guidelines provided by ICAO as opposed to independent academic research. This 
research speculates that the reasons for the exclusion of academics from UAS decision 
making could range from factors relating to political, historical, sovereignty, affiliation etc. 
This offers an opportunity for future research.  
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The UAS industry, which is to a large extent inextricably related to the broader aviation 
industry, holds a rather uniform view about the sudden boom of UASs in the civilian 
airspace, globally and in South Africa. This segment consists of mainly aviation 
enthusiasts who cannot wait for the day official regulations are implemented to provide 
oversight for the South African industry. There are also business people making up this 
segment, who have identified business opportunities of flying UASs in many applications. 
It has to be noted that, most of these business people have already set up establishments 
that sell ready-to-fly drones or remotely operated aircraft to other enthusiasts and the 
general public. This particular worldview directly contributes to the social and pedagogy of 
the systemic causes as discussed earlier in the CLA analysis. The more business sells 
drones to untrained individuals or groups who might opt to fly these machines in 
dangerous airspaces (close to airports), the more chances there are of possible collisions 
with other unmanned aircraft, manned aircraft or stationary objects. There is also a 
segment consisting of operators of the larger UASs, which also includes the military. 
Operators at this layer are not able to just fly these larger UASs without special flying 
authorisations. In the case of the military, this research argues that sovereign states would 
rather exclude themselves from the UAS discussion, as this poses challenges relating to 
the breach of security in their military operations amongst other things.  
 
The broader aviation industry which is predominantly consisting of airlines, has taken a 
clear stance insofar as the UAS operations are concerned especially in the civilian 
airspace. Airports companies, air traffic departments and airlines have expressed safety 
concerns about UASs operating in the civilian airspace. However, aircraft manufacturers, 
aircraft maintenance organisations and training schools view this as a business 
opportunity first before other concerns. Some of the leading aircraft manufacturers, Boeing 
and Airbus, which control the largest share of both the civilian and military aerospace 
markets (Sciencescope, 2006) have been involved in manufacturing UASs and will 
continue to do so as this makes a significant portion of their respective businesses. It is 
important to realise that, there are contrasting business positions displayed in the 
operations of these two manufacturing giants. Firstly, Boeing and Airbus generate a lot of 
revenue from military products which include UASs. Secondly, these two companies have 
always been leaders in the commercial passenger carrying business. Therefore, the two 
business positions make it hard for these companies to take a decisive position about 
incorporating UASs into the civilian realm. However, according to Airbus Defence and 
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Space (2014), the company has formally submitted its Atlante UAV, shown in Figure 14, 
for civil type certification, the first ever such application in Europe. The application was 
made to the European Aviation Safety Agency (EASA), the body responsible for certifying 
all aircraft designed or operated in Europe. The Atlante is a 570 kg, single-engined, 
propeller-powered UAS with a wingspan of eight metres of which the second example 
recently made its first flight. It is intended to fulfil a wide variety of commercial roles such 
as: surveillance of oil pipes, powerlines, railways, natural disasters, forest fires or sporting 
events. Miguel  ngel Morell, Head of Engineering for Military Aircraft, said: ―UAVs 
represent a rapidly growing activity in commercial aviation that will have a very significant 
economic impact in the near future. The launch of the Atlante application will help EASA to 
secure a world leading position in the establishment of the appropriate regulatory 
framework under which such systems will be designed, produced and maintained. And it 
will enable Airbus Defence and Space to maintain a leading industrial position in this new 
and challenging civil aviation sector.‖ 
 
 
Figure 14: Airbus’ Atlante Unmanned Aerial Vehicle (Source: www.airbusdefenceandspace.com) 
 
There is no doubt about the position held by various CAAs globally. Since the most 
important role of CAAs globally is to promote safety in the airspace, these CAAs, including 
the SACAA have adopted a serious stance regarding the integration of UASs into the 
civilian airspace. Research has shown that UASs will ultimately be integrated into civilian 
airspace provided that the appropriate regulatory framework and technological 
requirements are all met. According to ICAO (2013), many countries have recently 
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experienced a huge demand from the local and international community to expedite or 
develop a regulatory framework that will cover the operation of UASs in their civil airspace. 
The FAA (2013) maintains that UASs have significantly increased in number, technical 
complexity and sophistication during recent years without having the same history of 
compliance and oversight as manned aircraft. As a result, the UAS community needs 
regulations and standards unique to UASs in order to operate these autonomous 
machines safely. However, research has also shown that CAAs have found the 
development of regulatory framework to govern UASs an immense task based on a 
number of reasons.  
 
4.2.3.2 Ideological view 
Research defines an ideological view, in general terms, as a set of conscious and/or 
unconscious ideas which constitute one's expectations, goals and actions or a set of ideas 
proposed by the dominant class of a society to all members of this society. This research 
has identified two layers that encompass the ideological view i.e. Economism and 
Sustainability. These two ideological views are related to this research study and 
discussed below; 
 
4.2.3.3 Economism 
Haubrich and Wolf (2006) maintain that, claims of economism can come in two disguises. 
The first is a psychological account about the motivation that drives human action, which is 
assumed to be predominantly spurred by economic motives so to improve one's own 
material well-being. This research performed a closer assessment of the UAS industry 
(globally and in South Africa) and found similar factors existing to those expressed by the 
worldviews of the UAS industry and the broader aviation industry as discussed earlier 
under the stakeholder view. All these factors culminate in the need of the industry to find 
business solutions to the challenges faced in the operation of UASs. However, this 
research argues that these solutions are based on factors synonymous with those 
presented by the above mentioned authors i.e. the motivation that drives human action, 
which is assumed to be predominantly spurred by economic motives so to improve one's 
own material well-being. The proliferation of UASs in civilian airspace around the globe, 
insofar as economism is concerned, can be directly linked to the need of individuals to 
improve their own economical material well-being.  
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The second account of economism refers to the theoretical foundations on which public 
policy is and should be built. Economism understood in this political theory sense lays 
blame on public policy for delineating economic efficiency as the predominant policy 
objective; for applying elaborate economic tools to identify the policy option best suited to 
achieve that goal; and for relying on the market, or some proxy, as the institution best 
equipped to set the required framework. The policy choices made as a result, so the claim 
goes, trump, or at least reduce, other important values that guide human behaviour and 
that society might therefore uphold, such as solidarity, community, equality or friendship 
(Haubrich and Wolf, 2006). There is a general feeling by the UAS industry that various 
CAAs globally are applying a very lax approach to the pressing challenges posed by the 
sudden boom of UASs, more specifically the remotely piloted aircraft or drones and related 
technologies in the civilian airspaces around the world. Therefore, the apparent plethora of 
technological advancements that have been witnessed and coming forward are not 
necessarily fully exhausted due to the lack of regulatory support from various CAAs. The 
view held by various CAAs globally, insofar as economism is concerned, is one that 
consists of other critical factors deemed important to the development of public policy 
required for the operation of UASs. It is a known fact, also supported by this research that 
CAAs‘ major concerns regarding UASs relate to safety in the airspace of operation. This 
research posits that regulatory bodies are not acceding to pressures from the UAS 
industry to quickly come up with the UAS regulatory framework. However, this stance from 
these regulatory bodies would not necessarily have a positive impact in the economic 
climate of various sovereign states. According to the CSIR (2013), South Africa is trailing 
the rest of the world in bringing this disruptive technology (UASs) to benefit national 
security as well as make a positive impact socio-economically. This institution points out 
that the ―sense and avoid‖ challenges as well as the regulatory processes are the biggest 
deterrents in unlocking the UASs‘ potential in the civil commercial domain.  
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4.2.3.4 Sustainability 
 
 
Figure 15: Five critical dimensions model of sustainability (Source: Vucetich and Nelson, 2010) 
 
Vucetich and Nelson (2010) describe sustainability as the relationship between the 
environment and society. That relationship involves a physical aspect (exploitation) and an 
ethical attitude (upper panel of Figure 15). The relationship is affected by (a) our 
technologies, (b) understanding of the environment, (c) understanding how exploitation 
affects society, (d) understanding how exploitation affects the environment, and (e) how 
we understand our ethical attitudes about ourselves and nature. History provides plenty of 
evidence that dimensions (a)–(d) are inadequate for achieving sustainability. Ethical 
attitudes are a critical aspect of any relationship involving humans (e), and are the 
neglected dimension of sustainability. This model emphasises that technology is 
conceptually secondary to exploitation, determining only our capability and efficiency of 
exploitation. Ethics determines how we use technologies. These authors challenge the 
previous conceptual models of sustainability depicted on the lower panels. The authors are 
of the view that these models are silent about the role of technology, which has become a 
central focus, and ethics, which ought to become a central focus. 
 
This research subscribes to the approach described by Vucetich and Nelson (2010) i.e. 
the five critical dimensions model of sustainability, because it proposes a more holistic 
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approach to sustainability. The broader aviation industry has made strides in addressing 
sustainability in aviation operations. According to Mazraati and Faquih (2008), the aviation 
sector‘s contribution to the world economy is 8 per cent, while using 5.8 per cent of total 
world oil demand. Within the transportation sector, aviation consumes about 12.7 per cent 
of the total oil demanded by the transportation sector, with a growth rate of 2.32 per cent 
per annum in recent years, confirming the importance of aviation in the future energy 
market and economy. With the increase of fuel prices, combined with the growth of 
political and environmental concerns, and the current economic downturn, it is imperative 
to develop clean and energy efficient technologies for producing sustainable products of 
fuels (Pereira, Fontes and Coelho, 2014). On 1st February 2008, an Airbus A380 
successfully completed the world‘s first ever flight by a commercial aircraft using a liquid 
fuel processed from gas (gas to liquids or GTL). GTL has been described as an attractively 
characterised fuel for local air quality, as well as some benefits in terms of aircraft fuel burn 
relative to existing jet fuel. For example, GTL is virtually free of sulphur. Additionally, 
synthetic fuel can be made from a range of hydrocarbon source material including natural 
gas or organic plant matter made by a process called Fischer-Tropsch. South Africa is said 
to be one of the front runners when it comes to GTL technology as the country has been 
involved in the production processes associated with GTL since the early 1990‘s when 
PetroSA‘s GTL refinery was commissioned in Mossel Bay (TWA, 2008). Aviation biofuels 
have also received a lot of attention in recent times. According to (Masbi, 2013) aviation 
biofuels that produce measurable environmental, social, and economic benefits are vital to 
the aviation industry‘s long-term strategy to diversify fuel supply. This has the potential to 
contribute to price stability and cost reduction, while also reducing aviation‘s environmental 
footprint. 
 
Thomson Reuters (2014) claims that the majority of the world energy crises will be sorted 
by the use of solar power. According to this entity, solar will be the largest source of 
energy on the planet in 2025. The methods for harvesting, storing and converting solar 
energy will be so advanced and efficient that it will become the primary source of energy 
on our planet. Thanks to improvements in photovoltaic technology, chemical bonding, 
photocatalysts and three-dimensional nanoscale heterojunctions, the use of the sun as the 
world‘s primary source of energy will no longer be for the environmentally conscious 
select; it will be for the masses. The sun‘s energy will be harvested much more efficiently. 
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Its energy will be stored and used when needed. And the conversion of solar power will be 
much more efficient. 
 
Renewable energy has also received some attention in recent times. Two Swiss pilots, 
Bertrand Piccard and Andre Borschberg, have reportedly (Atkin, 2014) unveiled a plane 
that is set to become the first to fly around the world using only solar and battery power. 
The team hopes to make the trip with its Solar Impulse 2 plane (Figure 11) for five 
consecutive days in March 2015, using only electricity generated from the sun shining on 
the photovoltaic panel across its wing. The solar power generated during the day will be 
stored in 2077-pound batteries to power the Solar Impulse 2′s night flight. The batteries 
make up most of the plane‘s weight, which is about 5,000 lbs., or about the same as a car. 
The Solar Impulse 2 also carries only one passenger, and that passenger cannot weigh 
more than a certain amount. The Solar Impulse 2 is also comparatively much slower than 
other planes, and even some cars. The aircraft‘s maximum speed is 87 miles per hour, 
meaning it will have to stay in the air for several days in a row during long transoceanic 
legs. Night-time flight is also slower than daytime flight, a way to conserve power. In case 
of an emergency, the pilot seat has an integrated parachute and a life raft. 
 
Aircraft manufacturers have also been hard at work trying to address sustainability issues 
with regard to aircraft manufacturing. For example, if supersonic jets find their way back to 
production, then the environmental challenges that Concorde posed, which was the 
incredible noise made by the sonic boom as the aircraft broke through the sound barrier 
have to be addressed. On the other hand, Boeing and Airbus are claiming that their 
manufacturing standards and processes have taken into account sustainability issues of 
the environment. Airbus (2014) maintains that new manufacturing methods that will be 
used in the building of future aircraft will reduce the cost and environmental impact. 
However, according to Boeing (2014), the 787 family (787-8, 787-9 and the expected 787-
10) already provides airlines with unmatched fuel efficiency, resulting in exceptional 
environmental performance.  
 
Taking a closer look into UASs, it has been reported (Bertorelli, 2014) that piston engines 
are providing unmanned aircraft something that jet engines cannot i.e. unrivalled mid-
altitude efficiency and endurance. So as unlikely as it seems, drone technology is pushing 
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piston engine and prop design and that‘s why Lycoming has a diesel engine that is not 
known. It‘s designated the DEL 120 and has 205 HP, meaning it‘s in the IO-360 class. It‘s 
the prime powerplant in the General Atomics‘ MQ-1C Improved Gray Eagle, an Army 
drone. The Gray Eagle is a follow-on to the MQ-1 Predator, which has similar mission 
capabilities. In the same report, Lycoming‘s Michael Kraft was openly sceptical about 
diesel engines for aircraft, not so much for technical reasons but because the company 
believes the market is not yet deep enough to support the investment required to bring a 
certified diesel engine to the market. Whether or not diesels will take over the industry by 
storm, it remains to be seen. This research argues that, should diesel technology take the 
UAS industry by storm, it will be critical for the industry to adopt clean and energy efficient 
technologies for producing sustainable products of this fuel.  
 
According to the proposed five critical dimensions model of sustainability, the ethical 
dimension of this model is deemed to be the most important dimension following 
technologies. In essence, Vucetich and Nelson (2010) argue that it is extremely audacious 
trying to achieve sustainability with science and technology alone. Therefore, with regards 
to the energy challenges described in this analysis, from a sustainability point of view, the 
aviation industry and the UAS industry should firstly acknowledge that sustainability cannot 
be achieved through a fragmented approach. Schroeder, Goldstein and Rungtusanatham 
(2013) maintain that companies or industries should examine all opportunities in an effort 
to drive sustainability. These include, and are not limited to product development, 
sourcing, manufacturing, packaging, distribution, transportation, services and end-of-life 
management. Since environmental impact is a strategic task, it must be conceived as part 
of the business strategy. The second consideration that the aviation and UAS industries 
need to look at is the ethical dimension as highlighted in the above mentioned model. 
Ethical behaviour can be broadly defined as doing things according to the law. DuBrin 
(2013) posits that many ethical violations stem from leaders or managers placing their 
personal interests over the welfare of an organisation or an industry and that of workers or 
the public. Leaders should look beyond self-interest in order to build greater good. The 
author also argues that shared leadership can provide a robust system of checks and 
balances, thereby reducing the possibility of some unethical and criminal behaviour at the 
top.  
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The ethics debate around the use of drones in the military and civilian airspaces has 
certainly gained some ground. The Guardian (2014) reported that removing the human 
element from UASs gives operators of these machines a platform to overlook an ethical 
behaviour in their operations. This report features leaders of drone manufacturing 
companies like Lockheed Martin and Raytheon. They stress that it is possible to run an 
ethical drone business in these current times. However, this research questions the drone 
manufacturers and operators who are currently operating their businesses and promoting 
the usage of these machines and the related technologies without proper authorisations 
from their respective CAAs. Therefore, from sustainability perspective, the unethical 
behavioural patterns from UASs manufacturers and operators contributes to the litany 
issue as described earlier in this analysis i.e. (a). Proliferation of UASs in the airspace and 
the plethora of technologies available in the general aerospace and the unmanned aircraft 
industries, and (b). The increased number of near misses and possible accidents relating 
to UASs colliding with manned aircraft. 
 
4.2.4 Myth/Metaphoric layer 
This layer of analysis identifies stories and myths that underpin the dominant and minority 
worldviews to demonstrate the depth of thinking that is generating the issues we see today 
(Jackson, 2013; Inayatullah, 1998, 2000, 2004). According to this research, the dominant 
worldview is that posed by the regulators (CAAs and International Regulatory Bodies) and 
the minority worldview is from UAS industry and the general public. These views are 
tabled in Table 5 and described in detail below; 
 
Table 5: CLA analysis at the myth/metaphoric layer 
Myth/Metaphoric Layer 
Regulators (CAAs, International Regulatory 
bodies) 
“Sense and Avoid” 
A father figure who regulates but can punish and 
protect. 
General Public “I have seen a future, and it sees me” 
UAS industry A child in need of regulation 
Source: Adapted from Inayatullah (1998, 2004, 2008) 
T. Marope 212458485 
P a g e  | 101 
 
Dubrin (2013) argues that a well-chosen analogy or metaphor appeals to the intellect, to 
the imagination and to the values. The two metaphors chosen for the dominant worldview 
represent what the aviation regulators (CAAs and International Regulatory bodies) are 
able to do and enforce. Firstly, the metaphor ―A father figure who regulates but can punish 
and protect‖ refers to all aviation regulators who possess the powers to provide oversight 
to the UAS industry referred to as ―A child in need of regulation‖ metaphorically i.e. the 
minority view. Before the regulators (the father, metaphorically) decides on what 
technological equipment is required to be fitted in all UASs that are intended to be 
operated in civilian airspaces, then the UAS industry (the child, metaphorically) cannot 
really do much about the situation, unless of course if the child is naughty and decides to 
do other things that go against the will of the father. In the case of the UAS industry, the 
naught would include operators who operate UASs without special operating 
authorisations, thereby contributing to the near-misses and possible accidents highlighted 
earlier by the litany layer of this analysis. In some instances, the father would then punish 
the child depending on how naughty the child was. In South Africa, there were reports that 
the SACAA has issued a statement stating that drones have been banned, especially in 
the film industry. However, the South African regulatory body responded to these claims 
and stated that they were in fact inaccurate, and emphasised that this authority is working 
on the integration of drones into the South African airspace. The SACAA spokesperson 
Kabelo Ledwaba stated: ―SACAA has never issued any specific notice or regulation 
banning the use of unmanned aircraft systems. The current Civil Aviation Regulations 
prescribe specific requirements for operating an aircraft in the South African airspace. To 
date, no UAS has been able to comply with these requirements‖.  
 
The second metaphor chosen for the majority worldview, ―Sense and Avoid‖ is in actual 
fact not a metaphor in the context of the anti-collision technology requirements for UASs to 
be integrated in the civilian airspace. However, for the purpose of the CLA analysis at the 
metaphoric layer this research will use the ―Sense and Avoid‖ as a metaphor. The FAA 
(2013) describes the ―Sense and Avoid‖ (SAA) capability as one that must provide for self-
separation and ultimately for collision avoidance protection between UAS and other aircraft 
analogous to the ―see and avoid‖ operation of manned aircraft that meets an acceptable 
layer of safety. SAA technology development is immature. The regulators of the aviation 
industry (the father, metaphorically), is in the process of enforcing the SAA requirement to 
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the UAS industry (the child, metaphorically). Should the child accept this, then it is 
envisaged that the child will be able to perform greatly and most importantly avoid any 
unfortunate circumstances. This means that, should the UAS industry accept the SAA 
requirement from various CAAs, it is believed by many that UASs could possibly have a 
place in the civilian airspace.  
 
There is a third element to the metaphoric layer analysis, which is the general public. The 
metaphor chosen for the minority worldview represented by this community, ―I have seen a 
future, and it sees me‖ emanates from a title of an article by an academic, Patrick Marren, 
who is a strategic consultant with the Futures Strategy Group. Clients he has worked for 
have included the US Coast Guard, NASA, the FAA, the Panama Canal Commission, 
various aspects of the US military, and numerous Fortune 500 companies (Marren, 2004). 
The academic society, as pointed out at the stakeholder worldview has a place in the 
decision making processes of the aviation industry particularly the UAS industry. The 
metaphor in this instance ―I have seen a future, and it sees me‖ is directed mainly to the 
aviation regulators (CAAs). Academics are sending out a warning to the regulators that, if 
something is not done promptly today, then tomorrow might be too late. In the article ―I 
have seen a future, and it sees me‖, Marren (2004) describes how small UASs are getting 
by the day and also sending a warning to the world about how prepared the nation is in 
embracing UASs. The author also argues that the interaction between the rapidly 
advancing fields of information technology, biotechnology, nanotechnology, and networked 
communications make such a dream/nightmare scenario quite plausible within the 
lifetimes of many people. 
 
4.3 DISCUSSIONS 
The deconstruction of the issue of future technological factors affecting UASs for the 
Republic of South Africa towards the year 2025 is one that is certainly very complex but 
clear in its nature. This issue appeals to other systemic factors that are otherwise not 
necessarily synonymous with solutions designed for complex technological challenges. 
The CLA analysis conducted through the four layers of analysis provided a platform to 
start grasping the complexity of this issue and possibly start posing questions that could 
ultimately assist the policy discussions. It has been discovered that for future technologies 
to be implemented or used in UAS operations, a number of considerations have to be 
made. Firstly, it has to be appreciated that the UAS industry does not exist in isolation but 
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continues to thrive in the context of the global aerospace industry. The world production 
outlook insofar as UASs are concerned could possibly move towards Asia by 2025. In that 
case, South Africa would therefore need to start thinking of ways of benefiting from this so 
called ―shift of power to the East‖. What logically comes to mind at this point is the 
country‘s role in the BRICS (Brazil, Russia, India, China and South Africa) grouping. Could 
South Africa use its affiliation in the BRICS grouping to elevate and establish a sustainable 
UAS industry and if that is the case how will the country achieve this?  
 
In what seems to be a rather far-fetched dream at this point and possibly up until 2050, as 
posited by IATA (2011), the litany layer touched on the feasibility of employing UAS 
technologies in the passenger carrying aircraft business. The two aircraft manufacturing 
giants, Boeing and Airbus would obviously be attracted to aircraft employing UAS 
technologies introduced into the civilian airspace for as long as this offers viable business 
opportunities for these respective companies. The systemic layer has identified the 
technological trends and drivers as critical factors towards providing a platform for the 
advancements of UAS technologies for the general use of UASs and the possible 
integration of these machines into the civilian airspace. Even though South Africa does not 
have any company that plays in the major league of Boeing and Airbus, the country could 
identify opportunities presented by the highlighted possibilities. According to Defenceweb 
(2014), Denel Aerostructures and Aerosud have signed a landmark collaborative 
agreement with Airbus that aims to strengthen the competitiveness of South Africa‘s 
aerospace industry and allows it to bid for more work packages from global manufacturers. 
Under the new relationship, the three companies will jointly develop industrial projects 
which will enable the South African companies to jointly bid for larger scale manufacturing 
work packages on Airbus commercial airliner programmes than they have been able to 
secure independently of each other. This business deal provides a conducive platform for 
South Africa to prepare itself to take part in the disruptive technological wave presented by 
UASs in the civilian airspace.  
 
Unmanned Aircraft Systems, specifically remotely operated aircraft or drones have 
attracted a lot of attention from the global aviation industry as well as the general public. 
The litany layer describes the proliferation of these machines, the plethora of the related 
technologies, as well as near-misses and possible accidents caused by these machines as 
the biggest challenges highlighted by this research. There is a whole array of systemic 
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factors identified by this research, ranging from historical, political, economical and 
technological to even social factors, to mention some. Touching on some of the most 
critical factors, as posed by this research, it is noted that economically, the UAS industry 
faces huge challenges since a lot of operations are hampered by the legalities presented 
by the regulators of the industry. There is currently a demand for UAS products and 
services but the supply side of it is hampered by the regulatory requirements from the 
various regulatory bodies (CAAs). Therefore, this research argues that the delay in 
developing and implementing the regulatory framework for UASs directly contributes to the 
illegal operation of UASs and the possible near-misses witnessed between UASs and 
manned aircraft in recent times. However, this research acknowledges the complexity 
involved in coming up with these regulations. Regulatory bodies have to suddenly start 
thinking very differently compared to how things have been done in the past.  
 
The metaphoric layer emphasises the amount of power that the aviation regulatory bodies 
possess in the context of the highlighted challenges mentioned above. This research 
conforms to the notion of the CAAs playing a ―father figure‖ in guiding the UAS industry to 
a better and safer future. Aviation is one industry that is very sensitive and extremely 
dangerous insofar as the application of technologies to various aircraft, whether manned 
or unmanned is concerned. Therefore, it would be rather daft for the regulators to submit 
to the immense pressures presented by the UAS industry without covering all the critical 
factors that relate to the safety of the entire industry. A metaphoric layer of the CLA 
analysis should be able to provide an image of the future with respect to UASs and the 
related technologies. Perhaps what is relevant and also inspiring is the FAA vision towards 
2025. It states: ―The Destination 2025 vision captures the ideal future we strive toward — a 
transformation of the Nation‘s aviation system in which air traffic will move safely, swiftly, 
efficiently, and seamlessly around the globe. Flights will take off and land on time, every 
time, without delay, and there will be no fatal accidents. Air travel will be routine and 
uneventful for everyone involved: passengers, crews, ground support, and communities. 
Costs will be contained for both operators and passengers, and there will be no negative 
impact on the environment. Manned and unmanned flights will each achieve safe flight, as 
will commercial launches to space. This is a vision that captures the future we will strive to 
achieve — to transform the Nation‘s aviation system by 2025.‖ 
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4.4 CONCLUSION 
This chapter applied Causal Layered Analysis to establish the impact of technological 
factors on UASs for the Republic of South Africa towards 2025. An effort was made to 
contribute to possible solutions to address the various research questions raised in this 
research and to ultimately address the research objective. This research established that 
the advancement of technologies in the aerospace industry featured mostly in the evident 
realities of the litany layer as identified. This layer of analysis also highlighted the 
proliferation of new model aircraft in the airline industry, the sudden boom of UASs and 
related technologies, and the increase of near-misses and possible accidents between 
unauthorised UASs and manned aircraft. A question was also raised whether the 
emerging countries would ultimately lead the production of UASs by 2025. The implication 
for South Africa in this instant was also investigated. 
 
The systemic layer analysis focussed on the trends and drivers that cause the issues 
raised by the litany layer. These trends included the historical/political, economical, 
technological, legal, and social and pedagogy factors. What were of significance in this 
layer of analysis were the social challenges regarding the interest shown by the general 
public in operating UASs. Most enthusiasts find themselves operating these machines 
without any form of training or exposure. Pedagogically, this research raised questions 
about ways of starting to teach the general public on the dangers of operating UASs 
untrained. 
 
The worldview layer of analysis asked whose worldview is shaping the issue, whose voice 
is being heard and whose is not. It was identified that, from a stakeholder worldview‘s 
perspective, regulators are the most heard voices in the industry compared to those of the 
general public, which consists of individuals and academics. A note was made that 
regulators are more inclined to follow the prescripts as stipulated in the International 
Regulatory framework compared to individual research. Ideologically, this research 
explored the two concepts, economism and sustainability. As far as economism unfolds, 
this research speculated that regulatory bodies are not acceding to pressures from the 
UAS industry to quickly come up with the UAS regulatory framework. However, this stance 
from these regulatory bodies would not necessarily have a positive impact in the economic 
climate of various sovereign states. Sustainability was interrogated using the five critical 
T. Marope 212458485 
P a g e  | 106 
dimensions model of sustainability, which challenged the lack of the ethical dimension in 
dealing with sustainability matters. 
 
The final layer of the CLA analysis that was looked at, which is perhaps the most poetic 
and artistic, the metaphorical layer, created some metaphors in an attempt to identify 
stories and myths that underpin the dominant and minority worldviews to demonstrate the 
depth of thinking that is generating the issues posed by this research. The dominant 
worldview, according to this research is that posed by the regulators (CAAs and 
International Regulatory Bodies) and the minority worldview is from UAS industry and the 
general public. The underlying message presented by the metaphorical layer is that of a 
higher power (CAAs and International Regulatory bodies) administering the UAS industry 
to benefit the larger society. 
 
The next chapter will provide recommendations and conclusions to the questions raised by 
this research. The outcome/results of the CLA analysis will be analysed and interrogated 
more in order to raise questions that could possibly contribute towards policy discussions 
regarding the future of UASs in the Republic of South Africa towards 2025, taking future 
technological factors into consideration.  
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CHAPTER 5 
 
5 RECOMMENDATIONS AND CONCLUSIONS  
 
5.1 INTRODUCTION 
The foregoing chapter investigated the role played by future technological factors in 
Unmanned Aircraft Systems for the Republic of South Africa towards 2025.  A Futures 
Studies technique termed the Causal Layered Analysis was employed to carry out this 
investigative analysis. An effort was also made to contribute to possible solutions to 
address the various research questions raised in this research and to ultimately address 
the research objective. This chapter will seek to provide recommendations and 
conclusions to the questions raised by this research. The outcome/results of the CLA 
analysis will be analysed and interrogated further in order to raise questions that could 
possibly contribute towards policy discussions regarding the future of UASs in the 
Republic of South Africa towards 2025, taking future technological factors into 
consideration. This chapter will also incorporate the role of innovation in promoting 
technological developments and advancements that can enhance a nation‘s economic 
climate. This research will consult the Global Innovation Index which recognises the key 
role of innovation as a driver of economic growth and well-being. This global index aims to 
capture the multi-dimensional facets of innovation and to be applicable to developed and 
emerging economies alike. In doing so, it helps policy makers and business leaders move 
beyond one-dimensional innovation metrics towards a more holistic analysis of innovation 
drivers and outcomes (Global Innovation Index, 2014) 
 
5.2 TECHNOLOGICAL ADVANCEMENTS IN AN INNOVATIVE SOCIETY 
It stands to reason that, over time, increased knowledge and better, more sophisticated 
techniques make workers and the equipment they work with more productive. 
Technological progress means that more output can be produced with the same quantity 
of equipment and labour (Burda and Wyplosz, 2009). In the case of UASs, this research 
argues that the removal of the cockpit from the aircraft and the increased usage of future 
technologies in these machines could enable UASs to perform possibly even better and 
more safely than manned aircraft. Ingham (2008) challenges that full autonomous take-off 
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and landing of UASs will reduce risks associated with pilot induced loss of control, 
communications/data link loss, etc. however, this will require a far greater degree of design 
integrity. The technology is however available, and it will be a matter of time before most 
UASs will at least have the capability of autonomous take-off from and landing at 
controlled airfields. Certification and regulatory requirements would have to be in place in 
order for this to occur. The author is of the view that most of the technology required to 
automate many of the UAS‘s functions is available, therefore the challenge is deemed to 
be less technical and more of a legal challenge relating to who will accept responsibility in 
the event of a failure of the automatic systems. 
 
South Africa‘s ability to easily embrace the technological challenges brought by UASs 
relies heavily on the country‘s innovation capacity. South Africa currently ranks 53rd out of 
143 countries in terms of the country‘s ability to innovate. Regional trends in the Global 
Innovation Index 2014 report show some interesting new aspects. The BRICS economies 
show signs of divergence, with China improving at a significantly faster pace than its 
BRICS counterparts and India slipping back. If China continues to improve at this pace, it 
would not be a surprise to see it move from its current 29th position to within the top 25 
within a few years. The divergence of India from the rest of the BRICS economies is the 
result of the challenges it faces in integrating its efforts along the different dimensions of 
innovation to sustain a high level of innovation success (Global Innovation Index, 2014). 
Apart from the Russian Federation which left the middle-income category, the Global 
Innovation Index (2014) shows that the remaining BRICS economies are in the top 10 on 
innovation quality. India (76th/29th) is the only BRICS country that moved down in overall 
Global Innovation Index rank and yet managed to move up one position on quality in the 
middle income group. South Africa (53rd/35th) improved in the quality indicators by one 
place, primarily because of its jump in the ranking of patent families filed in at least three 
offices—from 81st place in the Global Innovation Index of 2013 to 53rd place this year. 
 
5.3 VISION AND STRATEGIC DIRECTION 
5.3.1 Macro environment 
The unmanned aircraft industry does not function in isolation. Therefore in order for South 
Africa to begin creating a vision and some strategic direction for the future of UASs, a 
structured approach that considers all possibilities is required. Ingham (2008) brings to 
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light that South Africa does not currently have an aircraft industry that requires the civil 
certification of new aircraft. Most aircraft designs presently are either experimental aircraft 
that fall into the Non-Type Certified Aircraft (NTCA) category, modifications of existing 
designs, or military aircraft. For this reason, the SACAA has mostly used the Federal 
Aviation Regulations (FARs) or Joint Aviation Regulations (JARs) during certification. 
Although unique South African regulations have been drafted, the SACAA still appears to 
prefer to use the FARs and JARs as guidelines. Therefore, for this aforementioned reason, 
South Africa‘s vision towards 2025 and beyond with regards to the unmanned aircraft 
industry is expected to be in line with the FAA and EASA, which together with South Africa 
are all contracting states to ICAO. The current strategic plan 2013 – 2017 drafted by the 
SACAA identifies UASs as one of the opportunities from a technological progress point of 
view (SACAA, 2014). However, the plan does not articulate any long term vision for this 
disruptive technology brought by UASs. This research posits that there seems to be a lack 
of an inspiring vision for the country with regards to UASs.  
 
In an effort to establish how the UAS industry in the Republic of South Africa is shaped, 
the components of the macro-environment imminent in this industry will be identified. Any 
entity operating in this industry does not operate in isolation but in a macro-environment 
shaped by influences emanating from the economy at large; population demographics, 
societal values and lifestyles, governmental legislation and regulation, technological 
factors, and closer to home, the industry and competitive arena in which the company 
operates (Hough et al., 2011: 57). Figure 16 shows the described components of the 
company‘s macro-environment as well as how the immediate industry affects a company‘s 
competitive edge (Porter‘s five forces model). The outcome of this analysis will serve as a 
basis and guideline to craft some strategic direction for the South African UAS industry 
towards 2025. 
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Figure 16: The components of a company’s macro-environment (Source: Hough et al., 2011) 
 
For the South African unmanned aircraft industry, the macro-environment, which is the 
outer ring of the circle, includes all the relevant factors and influences outside the 
industry‘s boundaries. This research, at the systemic layer analysis of the CLA identified 
the macro-environment factors (historical, political, economical, technological, legal and 
social) factors that are outside the industry‘s control but relevant to its existence. However, 
since theory regards these factors as relevant, it therefore means that they could have an 
impact on the unmanned aircraft industry. As such, it would be necessary for South Africa 
to take steps and put measures in place to lessen the effects of these factors on the 
unmanned aircraft industry. Hough et al. (2011) argues that the factors and forces in a 
company‘s macro-environment having the biggest strategy-shaping impact typically pertain 
to the company‘s immediate industry and competitive environment – competitive 
pressures, the actions of rival companies, buyer behaviour, supplier-related considerations 
and so on. The effect of these factors on the South African UAS industry are analysed in 
the following section. 
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5.3.2 Porter’s five forces model applied to the South African UAS industry 
 
Table 6: Porter’s five forces model applied to the UAS industry in SA  
Rivalry amongst existing 
competitors 
Threat of new entrants Threat of substitute products 
or services 
Supplier bargaining power Buyer bargaining power 
 Rivalry not intense due to 
limited industry players. 
 Military UAS makers 
(Denel, Aerosud, 
Paramount Group) – 
extremely costly to run 
these operations, hence 
government is involved. 
 Small UASs – numbers are 
on the rise. 
Two variations; 
 High entry barriers for 
military UAS market 
 Opportunities for Small 
UASs market are unlimited 
especially if regulations are 
implemented (relatively low 
entry barriers)  
 Other modes of transport 
(high speed trains, flying 
cars, buses etc.) 
 
 Aircraft manufacturers 
 Engine manufacturers 
 Subsystems suppliers 
(mechanical and avionics) 
 Supporting industries 
(Maintenance, Fuelling, 
Ground handling, Air 
Traffic Control, Financing, 
Airports, Government 
mandated services etc.) 
  
 Cargo customers 
 Other business 
applications (new found 
uses for UASs) 
 Leisure customers 
 
Source: Adapted from Hough et al. (2011) 
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Porter‘s five forces model has identified important factors as they apply to the South 
African UAS industry. Firstly, this industry consists of two divisions, which are the military 
UASs makers and the sUASs makers. The first division consists of two companies which 
are active, namely Denel Dynamics and Advanced Technologies & Engineering (ATE), 
which has now been bought by the Paramount Group. There have been calls from certain 
commentators and interest groups urging for support for this part of the industry since it is 
very costly for companies to take part in it. This industry can be regarded as an oligopoly 
and as such, the competitive pressure due to rivalry amongst competitors is almost non-
existent. This also means that the entry barriers to such an industry are extremely high; as 
a result, this research posits that there will not be any new entrants to this market in a 
while, at least not before 2025. The second division of the South African UAS industry is 
made up of makers of the sUASs. According to the global trends, as highlighted in this 
research, South Africa is also experiencing a sudden boom in activities relating to remotely 
piloted aircraft or drones, as commonly known. Research has shown that the 
manufacturing costs relating to these machines and related technologies are significantly 
lower compared to the larger UASs. This translates to lower barriers of entry to the market; 
however the lack of formal regulations in this industry will continue to put doubt in the 
minds of many potential entrepreneurs and investors of the UAS industry. 
 
IATA (2011) maintains that that high speed trains, cars, traditional trains, ships, and buses 
are all potential substitutes to the airline industry (manned aircraft) for both passengers 
and cargo. Due to the similar applications of UASs, this research argues that the 
aforementioned transport modes are still applicable as substitutes for the unmanned 
aircraft industry. However, it might be challenging to substitute the RPA or drone industry 
due to its partly recreational nature and the disruptiveness that most enthusiasts are 
excited about. The impact of these substitute products, as emphasised by IATA (2011) 
becomes significant when the speed advantage of aircraft becomes less important. This 
research speculates that the aviation industry (manned and unmanned) is likely to offer 
more high speed solutions to consumers compared to other modes of transport in a very 
long time. The introduction of flying cars in particular is tipped to add a different dimension 
to the unmanned aircraft business. Frey (2014) argues that the industry will witness fully 
automated vehicles where people can ―punch in‖ or ―speak‖ the place they want to go to 
and the vehicle will automatically take them there. This ―control feature‖ will open up huge 
additional markets for automotive companies to sell to the elderly, families with kids too 
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young to drive, and the visually, physically, and mentally impaired. The arrival of fully 
automated navigation systems for ground-based vehicles will set the stage for fully 
automated navigation systems for flying vehicles.  
 
The labour environment in South Africa plays an important role in unmanned aircraft 
operations especially if the industry experiences some growth patterns. The production of 
airframes, engines, aircraft subsystems and fuelling functions continue to be dominated by 
the few companies in an oligopoly as mentioned earlier. However, airports are part of a 
monopoly in the form of the Airports Company South Africa (ACSA). Based on this 
analysis this research argues that competitive pressure due to supplier bargaining power 
is high. On the other hand, the industry is also exposed to high competitive pressures due 
to buyer bargaining powers. Though unmanned aircraft operations are not necessarily 
commonly accepted by many, research has shown that these machines can positively 
impact business operations, though not absolutely proven. However, there are sections of 
the industry that is open to using the unmanned services to curb their operating costs. Due 
to the infancy of this industry, the competitive pressure based on buyer bargaining power 
is deemed to be high.   
 
5.3.3 Development of strategies 
This research has attempted to analyse both the macro-environment and the immediate 
industry affecting the unmanned aircraft industry in South Africa. This analysis has 
provided this research with an opportunity to make suggestions on possible guidelines that 
can be applied by industry, government, society and all other interest groups. It has to be 
noted that the macro-environment and the Porter‘s five forces model analysis is generally 
utilised for specific challenges faced by individual entities seeking to enter various markets 
of industries. However, the results from this analysis do indicate, to a large extent, the 
overall outlook of the particular industry in question. Therefore, this research argues that 
the methods employed to provide a base for the strategic direction to be adopted is 
deemed adequate. Based on this analysis, the following guidelines (Table 7) have been 
proposed for South Africa to consider; 
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Table 7: Strategic issues for the South African UAS industry towards 2025 
 How to compete in the global market. 
 How to enable the macro-environment for UASs 
 How to use the innovative nature of the country to enhance UAS 
technological advancements. 
 How to promote UAS education. 
 How to promote a sustainable UAS industry. 
Source: Researcher’s own construction 
 
5.4 PRACTICAL GUIDELINES FOR SOUTH AFRICA 
This research will now outline in detail the practical guidelines proposed for the South 
African UAS industry towards 2025. 
5.4.1 Competing in the global market 
This research has established that the centre of gravity of world production will move 
towards Asia and emerging countries in 2025. China is an integral part of this Asian 
―takeover‖ and also shares a common affiliation with South Africa in the BRICS group of 
countries. Therefore, it is only logical to expect South Africa to use its relations with China 
from the BRICS perspective to gain strides and build its UAS industry. One way of 
achieving this, is for South Africa to apply significant economic diplomacy in its dealings 
with China. According to the Centre for Chinese Studies (2013), economic diplomacy is 
fundamentally concerned with state formulation of economic policy by a given state or 
group of states, vis-à-vis other states. Crucial to the practice is a balancing-act in which 
states attempt to promote their own domestic interests via economic leveraging. This 
research deduces that South Africa has continued to promote its economic interests 
through economic diplomacy. Centre for Chinese Studies (2013) shows that South Africa 
and China‘s bilateral trade took off in 1992 when China‘s Ministry of Foreign Trade and 
Economic Cooperation established an office in Johannesburg, South Africa. At the time, trade 
volume was at an estimated US$ 250 million. Since South Africa announced that it would 
recognise the PRC (People‘s Republic of China), the trade volume has rapidly increased to 
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US$ 3 billion. In 2011, the trade volume stood at ZAR 85 billion (US$ 11 billion). SAIIA (2014) 
maintains that the South Africa-China relationship is characterised by a healthy overlap of 
competition and cooperation that is underlined by continued involvement at a bilateral, 
continental and multilateral level. The South Africa-China cooperation at this particular 
juncture is on a firm foundation, strengthened by the levels of collaboration and deepening 
economic engagement.  
 
Despite the positive picture depicted on the South Africa-China economic relationship, 
there is a case of promoting the South African UAS industry while building this country to 
country relation. This research argues that there hasn‘t been much impact on the South 
African UAS industry due to the South Africa-China economic relationship. In fact, the 
partly government owned Rheinmetall Denel Munitions, which manufactures a wide range 
of ammunitions have seen some growth in Europe, North America and the Middle East. 
However, the company is looking at further expansion of markets in the Asia-Pacific 
region, as well as the BRICS countries (Brazil, Russia, India, China and South Africa). The 
company has made an appeal for some assistance to the South African Department of 
Defence and the Department of Trade and Industry (BDlive, 2014). In order for South 
Africa to start competing in the global market, this research posits that entities like 
Rheinmetall Denel Munitions, Paramount, Aerosud and others have to be backed in their 
efforts to access the UAS global markets. 
 
5.4.2 Enabling the macro-environment for UASs 
This research, at the systemic layer of the CLA identified the macro-environment factors 
(historical, political, economical, technological, legal and social) that are outside the 
industry‘s control but relevant to its existence. It is noted that economically, the UAS 
industry faces huge challenges since a lot of operations are hampered by the legalities 
presented by the regulators of the aviation industry. There is currently demand for UAS 
products and services but the supply side of it is hampered by the regulatory requirements 
from the various regulatory bodies (CAAs). This research argues that, for the UAS 
business to flourish, the supply side of the ―demand and supply‖ economic concept should 
first be nurtured, and government should play an important role in this. Burda and Wyplosz 
(2009) points out that the supply side relates to the productive potential of the economy 
and the efficiency with which resources are allocated in generating a nation‘s output. The 
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supply side policies represent government‘s effort to increase an economy‘s long run 
capacity as well as its overall efficiency. It is also about bringing idle or underutilised 
resources into productive uses. This research contends that the UAS industry has not 
been able to fully realise its full potential due to deterring factors relating to UAS 
operations in the civilian realm.  
 
5.4.3 Using the innovative nature of the country to enhance UAS technological 
advancements 
Sciencescope (2006) argues that South Africa has a long and proud history of aerospace 
innovation and development, with the CSIR being an inextricable part of this through its 
many years of novel aerospace research and development (R&D). The CSIR is seen as a 
key player in the South African aerospace landscape and a custodian of unique world-
class aerospace R&D skills. One of the key areas of research in the aerospace industry 
carried out by this institution is advanced materials for aircraft manufacturing. According to 
Sciencescope (2009), the CSIR has been carrying out research in the areas of advanced 
light metals, advanced composites, natural/green materials and smart materials. In fact, in 
these research areas South Africa can be internationally competitive with regard to 
contributing to the aerospace and automotive industries – both of them priority sectors as 
identified by the Department of Trade and Industry. During the course of 2006, the 
Advanced Manufacturing Technology Strategy roped in the assistance of the CSIR to 
specifically focus on research that would benefit the aerospace and automotive industries. 
Since then, great progress has been made in the fields of advanced materials and several 
projects have already made a significant contribution to applications in these industries  
 
South Africa currently ranks 53rd out of 143 countries in terms of the country‘s ability to 
innovate. The country improved by five places (moving up from 58th to 53rd) and is placed 
above the upper-middle-income group average score in the three indices: GII (53rd), Input 
(47th), and Output (63rd). Its relatively strong pillars are Institutions (44th), Knowledge and 
technology outputs (62nd), Business sophistication (68th), and Creative outputs (70th). 
However, its greatest strength is in the Market sophistication pillar (18th), with a score that 
is above the average performance of high-income economies. Its performance is below 
par in Infrastructure (84th) and Human capital and research (70th) (Global Innovation 
Index, 2014). This ranking should be seen as an opportunity to build on previous 
achievements relating to the innovative capacity of the country. Global Innovation Index 
(2014) posits that the mobility of talented people is critical to a system‘s capacity for 
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learning, adapting, and innovating. The following factors have been highlighted as critical 
in the National Innovation System of a country like South Africa; 
 
 A small number of researchers and innovators account for a major proportion of the 
overall output. 
 The most productive innovators are also the most mobile. 
 The retention of this cohort of innovators is a neglected but important policy 
objective for developing countries. 
 Talented innovators tend to cluster in the same places, even at the same 
institutions. 
 Leading researchers and entrepreneurs are more likely to pursue their careers in 
the USA or the UK. 
 The migration of innovators from developing to developed countries is also evident 
in statistics on inventions, where it has been shown that inventors in developed 
countries such as the USA and Switzerland are more likely to be immigrants than 
natives. 
 The capacity of some countries to attract and support higher levels of extraordinary 
talent, allowing it to develop and flourish, is a consequence of many factors that 
include funding, facilities, international migration, strong local networks and 
clustering. 
 Developing countries should pursue priorities other than the provision of research 
and innovation infrastructure necessary to retain the elite cohort. 
 
This research points out that South Africa needs to continue nurturing innovation in the 
country. Institutions like CSIR, Denel, Aerosud, Paramount Group etc. need to be 
continually supported in all possible ways. Factors relating to infrastructure, human capital 
and research as highlighted by the Global Innovation Index have to be enhanced in an 
effort to bolster innovation in South Africa. 
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5.4.4 Promoting UAS education 
Education and training is regarded as one of the key elements required to nurture the 
human capital (Burda and Wyplosz, 2009). This research has shown that the lack of 
education in the operations of UASs could result in catastrophic and unfortunate 
circumstances that can be avoided. Radio controlled aircraft or drone flying has quickly 
become such an interesting recreational sport or activity in many parts of the globe. 
According to Digitaltrends (2014), quadcopters (drones) are all set to become one of the 
biggest sellers of the current holiday season, with many recipients of the flying machines 
no doubt heading straight out the door as soon as the wrapping comes off to launch it 
skyward on its maiden flight. While most people will sensibly select an open space away 
from buildings and people, one or two may have the idea to fly it around their local airport, 
which is unwise and extremely dangerous.  
 
According to Factually (2014), with more drones in the air than ever before, there are more 
chances for the unmanned, under-regulated flying machines to collide with planes and 
helicopters flying over U.S airspace. Close encounters and even near-misses happen 
about 25 times a month. That's according to data the Federation Aviation Administration 
gave to news outlets, based on reports the agency receives from pilots who spot the 
machines from the cockpit, often flying way higher than the legal limit of 400 feet. This is a 
big challenge that is brought about by just a social activity of flying radio controlled aircraft. 
However, some commentators have a different opinions regarding the stats provided by 
the FAA in a sense that they are open for interpretation. Irrespective of these conflicting 
views, this research argues that an educational drive is needed to emphasise the dangers 
of operating drones in the civilian airspace. Digitaltrends (2014) announced that a school 
in Ohio, USA is preparing to build a huge drone arena so students enrolled in UAV and 
aviation related programs can test their flying machines without having to worry about FAA 
restrictions, or bad weather. The 12-meter-high pavilion, which will be built at a cost of 
about $5 million, will provide students at Sinclair Community College with a large enclosed 
space for their drone-based coursework. South Africa should perhaps consider similar 
models to the one mentioned above, in order to promote UAS education and to encourage 
the South African youth at grassroots level.  
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5.4.5 Promoting a sustainable UAS industry 
With the increase of fuel prices, combined with the growth of political and environmental 
concerns, as well as the current economic downturn, it is imperative to develop clean and 
energy efficient technologies for producing sustainable products of fuels (Pereira, Fontes 
and Coelho, 2014). Some of the leading aircraft manufacturers, in this case Airbus, have 
shown some commitment to developing sustainable products of fuels. The Airbus A380 
has successfully completed the world‘s first ever flight by a commercial aircraft using a 
liquid fuel processed from gas (gas to liquids or GTL). GTL has been described as an 
attractively characterised fuel for local air quality and offers some benefits in terms of 
aircraft fuel burn relative to existing jet fuel. South Africa is said to be one of the front 
runners when it comes to GTL technology as the country has been involved in the 
production processes associated with GTL since the early 1990‘s when PetroSA‘s GTL 
refinery was commissioned in Mossel Bay (TWA, 2008).  
 
Biofuels have also received a lot of attention in the sustainability discussions. South Africa 
has also put its hand up in this debate. Boeing (2014) announced that South African 
Airways (SAA) and SkyNRG are collaborating in a project to start making sustainable 
aviation biofuel from a new type of tobacco plant. This initiative broadens cooperation 
between Boeing and SAA to develop renewable jet fuel in ways that support South Africa's 
goals for public health as well as economic and rural development. "It's an honour for 
Boeing to work with South African Airways on a pioneering project to make sustainable jet 
fuel from an energy-rich tobacco plant," said J. Miguel Santos, managing director for 
Africa, Boeing International. "South Africa is leading efforts to commercialise a valuable 
new source of biofuel that can further reduce aviation's environmental footprint and 
advance the region's economy." The UAS industry has also took an interest in the use of 
biofuels in the industry. The Guardian (2014) reported that the US military has tested some 
of its UAS machines using a 50-50 mixture of biofuel and regular jet fuel in an effort to run 
a more efficient and fuel efficient operation. The US military expects to get a third of its fuel 
from biofuels by 2020. South Africa has certainly shown commitment to sustainability in 
the broader aviation industry. This is expected to filter into the UAS industry. However, this 
research proposes that conscious efforts should be made to show a sustainability 
commitment that will directly benefit the UAS industry.  
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Vucetich and Nelson (2010) describe sustainability as the relationship between the 
environment and society. According to the proposed five critical dimensions model of 
sustainability, the ethical dimension of this model is deemed to be the most important 
dimension following technologies. In essence, Vucetich and Nelson (2010) argue that it is 
extremely audacious trying to achieve sustainability with science and technology alone. 
Therefore, with regard to the energy challenges imminent in the broader aviation industry, 
and from a sustainability point of view, the aviation industry and the South African UAS 
industry in particular should firstly acknowledge that sustainability cannot be achieved 
through a fragmented approach. All dimensions applicable to the industry need to be taken 
into account. This research challenges the Republic of South Africa to take the ethical 
dimension of sustainability very seriously.  
 
5.5 CONCLUSION AND CONSIDERATIONS FOR THE SOUTH AFRICAN UAS 
INDUSTRY TOWARDS 2025 
The world in 2025 is predicted to be significantly different from what it is today. The world 
population is said to increase by 20 % to reach 8 billion inhabitants (6.5 billion in 2009). A 
97% of this growth will occur in the developing countries (Asia, Africa). In 2025, 61% of the 
world population will be in Asia. The emerging and developing countries which accounted 
for 20 % of the world‘s wealth in 2005 will account for 34 % of it in 2025. Cities in the 
developing countries will account for 95 % of urban growth in the next twenty years and 
will shelter almost 4 billion inhabitants in 2025. Another significant change that is relevant 
to this research is the centre of gravity of world production moving towards Asia and the 
emerging countries in 2025 (European Commission, 2009). As such, a world of 
possibilities and opportunities has been created for many in particular the developing 
nations, which South Africa is part of. This research has thus identified a correlation 
between the above mentioned projections and the impact of future technological factors on 
the Unmanned Aircraft Systems towards 2025, the latter being the main object of this 
research study.  
 
The aerospace industry, which encompasses the broader aviation and the unmanned 
aircraft industries, is a critical component of any nation‘s competitive edge. Soko (2006) 
supports the aforementioned views by describing the aerospace industry not only as a 
strategic asset but also an important generator of wealth and a driver of technological and 
economic development in many industrialised countries. The author also highlights 
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importance of this industry as a source of employment. In 2000, the European space 
industry directly employed 429 000 people with thousands more employed indirectly. The 
global aerospace sector is poised to expand by 25% in real terms to $250 billion a year, 
with the number of airlines in service expected to increase to 20 000 by 2020. The 
unmanned aircraft industry has also been tipped to experience tremendous growth 
between now and 2025. Over the next ten years i.e. 2013 to 2023, Teal Group forecasts 
total UAS worldwide spending will be at $89.1 billion (FAA, 2013). Defenceweb (2014) also 
predicts a growth in UAS production from $942 million in 2014 to $2.3 billion in 2023. 
China‘s manufacturer AVIC is expected to account for the lion's share ($5.76 billion) of the 
10-year market value, based on production of hundreds of pricey UASs, nearly all 
earmarked for Chinese consumption. This projection, to some extent validates that the 
centre of gravity in terms of world production would have shifted to Asia by 2025. 
 
This research has brought to light, through the Causal Layered Analysis, the many 
opportunities presented to South Africa due to the ―Asian takeover‖ of world production as 
described above. This analysis discovered that technological advancements seem to be 
the main feature in terms of most of the realities described by the litany layer of the 
analysis. Elucidated further, this means that the projected growth patterns in the 
aerospace industry; particularly in the unmanned aircraft industry is mainly as a result of 
the technological advancements supporting the industry. In order for South Africa to seize 
the opportunities stated above, the country needs to firstly be in a position to compete in 
the global market by developing its international trade relations. The BRICS group of 
countries has been stressed as one of the crucial affiliations for the Republic of South 
Africa. This research has established that, currently, the South Africa-China cooperation is 
on a stable basis, strengthened by the levels of collaboration and deepening economic 
engagement between the two countries. However, the unmanned aircraft industry has not 
necessarily reaped many rewards from the bilateral, continental and multilateral 
engagements between these two countries.  
‗ 
The proliferation of UASs and the related technologies, as highlighted by the litany layer of 
the CLA, has brought about new kinds of challenges to the broader aviation industry, both 
globally and in South Africa. These challenges have forced every stakeholder in the 
industry to start thinking differently. One of the key stakeholders, as mentioned by this 
research is the aviation regulatory bodies (CAAs). There is currently no formal regulatory 
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framework for the UAS industry, globally and in South Africa. Unfortunately, this makes the 
operation of UASs in the civilian airspace even more illegal and dangerous. This also 
impacts negatively on other social issues (public safety, privacy, trust, etc.) as posited by 
the systemic layer of the CLA. This research argued that the lack of a regulatory 
framework in the UAS industry certainly does not present the industry with an appeal for 
businesses out there. In fact, businesses that are operating UASs without special 
operating authorisations are deemed to be operating illegally due to a disregard for the law 
that is not necessarily in place in many ways. In order for South Africa‘s UAS industry to 
prosper towards 2025, the country has to start nurturing the supply side in this industry to 
enable its macro-environmental climate. It is envisaged that sometime in 2015 or a bit 
later, when regulations get implemented, some form of industry growth will be experienced 
in the country.  
 
Unmanned Aircraft Systems are coming in ―thick and fast‖. The interaction of rapidly 
advancing technologies and fields like information technology, biotechnology, 
nanotechnology, networked communications, smart materials, biofuels and renewable 
energy in the UAS industry makes for a very interesting future especially towards 2025. A 
multifaceted approach is required by South Africa to counteract various challenges 
presented by the imminent presence of the UASs especially their impact on the civilian 
airspace. This approach needs to firstly follow a structured vision that is country specific 
but also globally aligned insofar as, inter alia, regulations, economic factors and trade 
relations are concerned. This research suspects that the vision for the South African UAS 
industry will be closely related to the FAA vision as mentioned in the earlier sections. 
Secondly, a number of strategic elements (practical guidelines) discovered throughout this 
research need to be considered by South Africa in order to develop the UAS industry. The 
heart of the aforementioned guidelines is the ability of South Africa to use its innovative 
capacity to nurture technological advancements. This can be achieved by also using 
education and learning in a manner that will expose the South African youth to the UASs 
at an early age to develop their possible future interests. 
 
It is befitting to conclude this research study by briefly discussing how sustainability 
challenges can be tackled in the South African unmanned aircraft industry. The country 
has made some strides and also committed itself to programmes that relate to 
T. Marope 212458485 
P a g e  | 123 
sustainability of the broader aviation industry. This research surmised that some of the 
displayed efforts by various stakeholders might filter and bolster UAS operations in the 
country going forward by virtue of the interconnectedness of the various segments of the 
aerospace industry. A multi-dimensional approach towards sustainability has been 
advocated in this research study. All dimensions of this approach use science and 
technology as a basis except for one, which emphasise the ethical element towards 
sustainability. This research challenges the Republic of South Africa to consider the ethical 
dimension towards sustainability as perhaps the most essential. Ethical behaviour in 
leadership roles is certainly crucial towards sustainability. However, this research argues 
that ethics is also one element that could become the glue to the proposed multifaceted 
approach required by South Africa to counteract various challenges presented by the 
imminent presence of UASs especially their impact on the civilian application. 
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